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EFFECTS ON THREE HELICOPTER FUSELAGE MODELS 
John C. Wilson and Raymond E. Mineck 
Langley Directorate, U.S. Army Air Mobility R&D Laboratory 
SUMMARY 
An investigation was conducted in the Langley V/STOL tunnel to study the effects of 
rotor wake on helicopter fuselage aerodynamic characteristics. A rotor model for gen- 
erating the wake was mounted close to two of three fuselage models. Force, moment, 
and pressure data were determined for various combinations of windspeed, sideslip 
angles, and pitch angles. The data show that the influence of rotor wake on helicopter 
fuselage yawing moment imposes a significant additional thrust requirement on the tail 
rotor of single-rotor helicopters for high positive sideslip angles. The influence of the 
low Reynolds number characteristic of this investigation can make the results conserva- 
tive if utilized in  the specification for design of a tail rotor. 
INTRODUCTION 
Single-rotor helicopters have experienced degradation of directional control while 
flying at low speed. (See ref. 1.) The degradation varies with airspeed and yaw angle. 
It is attributed partially to mutual aerodynamic interference between the tail rotor, main 
rotor,  and vertical tail and partially to the unstable yawing-moment characteristics of the 
fuselage. An investigation of a tail-rotor interference problem for rearward flight i n  
ground effect is reported in  reference 2. The results of the wind-tunnel investigations, 
reported therein, identified significant adverse effects of the main-rotor wake on the 
vertical-tail force and on the tail-rotor thrust. 
The main-rotor wake has appreciable influence on the fuselage at low airspeeds. 
Little published information is available to provide an understanding of such effects. 
What does exist is directed toward the evaluation of conditions in  hovering flight only 
without treatment of conditions at low-flight speeds near hover. Obtaining such informa- 
tion with full-scale flight investigations is difficult because of problems in  controlling test 
conditions and in  measuring all relevant parameters. 
The purpose of this investigation was to obtain force, moment, and pressure data 
experimentally for several  different fuselage shapes i n  the presence of a rotor wake. 
Three fuselage models representative of current helicopter designs were tested in  the 
I 
Langley V/STOL tunnel at  windspeeds of up to 102 knots through 5180' sideslip. (When 
the rotor w a s  mounted, the maximum windspeed was  45 knots.) Forces and moments of 
the fuselage and the rotor were measured. In addition, pressure distributions were mea- 
sured for selected test conditions. Comprehensive tables of the pressure data a r e  avail- 
able in a supplement to this report. A request form for the supplement is found in the 
back of this report. 
! 
SYMBOLS 
The longitudinal and lateral  data in this report a r e  referred to the body axes (fig. 1). 
f 
Moment centers are indicated for each of the three models in figure 2. The units used 
for physical quantities defined in  this paper a r e  given in both the U.S. Customary U n i t s  
and the International System of Units (SI). Measurements and calculations were made in 
U.S. Customary Units. Factors relating these two systems of units a r e  presented in ref- 
erence 3. The symbols used a r e  defined as follows; the symbols enclosed in parentheses 
are used in the data listing of the appendix and supplement. 
A rotor disk area, 0.8107 m2 (8.728 ft2) 
b number of rotor blades 
CA (CAF) axial-force coefficient, FA/qmsP 
CH/U (CHSSIG) in-plane rotor drag coefficient, H ~ A V T ~ C J  
C2 (CRM) rolling-moment coefficient, Mx/q,Sssl?F 
c m  (CPM) pitching-moment coefficient, My/q,spfF 
CN (CNF) normal-force coefficient, FN/q,Sp 
Cn (CYM) yawingbmoment coefficient, Mz/q,s,tF 
Cn,s (CYMS) yawing-moment slipstream coefficient, MZ/qsS,iF 
P - P, 
pressure coefficient,  
cP q, 
. 
'PR yaw center of pressure,  c n / c y  
2 
E E n .  
c T / ~  (CTSSIG) thrust coefficient, T / ~ A v ~ ~ ,  
CY (CSF) side-force coefficient, Fy/qmS, 
CY,s (CSFS) side-f o r  ce slipstream coefficient , Fy/q,Ss 
blade chord, 8.9 cm (3.5 in.) 
axial force, N (lbf) 
normal force, N (lbf) 
side force, N (lbf) 
rotor and hub drag force normal to thrust, N (lbf) 
characteristic length (for Reynolds number), m (ft) 
fuselage length, 91.4 cm (36 in.) 
rolling moment, cm-N (in-lbf) 
pitching moment, cm-N (in-lbf) 
yawing moment, cm-N (in-lbf) 
Reynolds number, V P / u  
local pressure,  N/m2 (lbf/ft2) 
free-stream static pressure,  N/m2 (lbf/f@) 
- 
slipstream dynamic pressure,  q, t x, T N/m2 (lbf/ft2) 
free-stream dynamic pressure,  pV2/2, N/m2 (lbf/ft2) 
radius of rotor disk, 50.8 cm (20 in.) 






side projected area of fuselage, m2 (ft2) 
rotor thrust, shaft axis, N (lbf) 
free-stream or slipstream windspeed, m/sec (ft/sec) 
free-stream windspeed, knots 
rotor tip speed, StR, m/sec (ft/sec) 
fuselage station, cm (in.) 
CY (ALPHA) angle of attack, deg 
p (BETA) angle of sideslip, deg 
air kinematic viscosity, m2/sec (ft2/sec) 
air density, kg/m3 (slugs/ft3) 
rotor disk solidity, bc/rR, 0.1114 
flow angle, deg 
wake skew angle (from the vertical), deg 
rotor rotational speed, rad/sec 
MODEL DESCRIPTION AND INSTALLATION 
? 
t 
The three fuselage models used in this investigation (fig. 2) a r e  representative of a 
current gunship configuration (model l), a utility configuration (model 2), and a light k 
observation configuration (model 3). The models differed slightly from scaled versions 
of these configurations in that the tail-boom segments were slightly oversized. The fuse- 
lage assemblies were made of molded fiberglass, and each had static-pressure taps 
located on the model surface to obtain pressure distribution data. The pressure tap loca- 
tions are given in table I. Each fuselage could be tested with or without a standard ver- 
tical tail, although the gunship configuration was tested with a cambered vertical tail and 
a 'Y" tail as well. The nomenclature of these configurations is given in table 11. 
. 
4 
A teetering hub tail rotor from a light observation helicopter simulated the main 
rotor of each configuration in this investigation. The rotor served to generate the rotor 
wake that a helicopter fuselage experiences a t  low-flight speeds. The direction of rotor 
rotation was  conventional, that is , coun te rc lochse  when viewed from above the fuselage. 
(See fig. 1.) The two blades of the rotor (fig. 3) had a chord of 8.9 cm (3.5 in.), an  
NACA 0012 airfoil section, and no twist. The rotor diameter w a s  101.6 cm (40 in.). The 
blade root cutout w a s  40.2 percent of the rotor radius. Collective pitch was  se t  by adjust- 
ment of pitch links a t  the rotor hub and measurement of the rotor blade angle. The rotor 
had no cyclic pitch control and was free to flap. The rotor hub was attached through a 
five-component strain-gage balance to an air motor which drove the rotor a t  speeds of 
3350 o r  3600 rpm. The balance measured the orthogonal rotor shaft forces of thrust, 
drag, and side force as well as pitching moment and rolling moment. The balance was  
not capable of measuring yawing moment, that is, torque. 
The fuselage models and the rotor were inverted for the tunnel installation as shown 
in figure 4. The fuselage assembly was mounted on a six-component strain-gage balance 
attached to a sting. The rotor was mounted through the five-component balance and an 
air motor to a section of the sting-support structure, the air motor exhaust being ducted 
through the support structure. The rotor w a s  placed a t  the appropriate scaled location 
near the fuselage, although not connected with it. The distance from the rotor flapping 
axis to the top of the fuselage pylon was 4.9 cm (1.93 in.) for model 1 and 9.4 cm 
(3.70 in.) for model 2. Model 3 was not tested with the rotor. The whole assembly could 
be pitched through an angle-of-attack range of k15O. The fuselage models were mounted 
with either the nose upstream o r  the tail upstream; thus, sideslip angles of *180° were 
possible. When sideslip angles were greater than *goo, the sting was mounted through 
the nose of the fuselage and a rounded plug was  inserted in the tail of the model. 
TESTING AND CORRECTIONS 
The investigation was conducted in  the Langley V/STOL tunnel. The test section 
has a width of 6.63 m (21.75 ft)  and a height of 4.42 m (14.5 ft). The fuselage and rotor 
were located approximately in  the center of the test section. This test program utilized 
a free-stream windspeed range of 15 to 102 knots (1 knot = 0.5144 m/s). Since errors 
due to blockage, slipstream contraction, flow misalinement, and tunnel wal l  effects have 
been found to be small  for models of this size i n  this tunnel, no corrections for these 
types of e r r o r  have been applied to the data. The maximum tunnel wall effect was cal- 
culated (ref. 4) to be a flow angle-of-attack change of 1.0'; this effect occurred at the 
lowest f ree-s t ream velocity and at the lowest downwash angle (which therefore was the 
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Since yawing moment and side force were the components of primary interest  in 
this program, the force and moment measuring balance was chosen with the range most 
suitable for these components. The maximum forces and moments that the fuselage bal- 
ance was  capable of measuring (the associated accuracy was i0.5 percent of the maximum 
force o r  moment) are given in the following table: !; 
= 
FA, N (lbf) . . . . . . . . . . . . . . . . . . . . .  k66.7 (i15) 
Fy, N (lbf) . . . . . . . . . . . . . . . . . . . . .  k222.4 (i50) 
FN, N (lbf) . . . . . . . . . . . . . . . . . . . . .  i222.4 (k50) 
Mx, cm-N (in-lbf) . . . . . . . . . . . . . . . . .  i226 (i20) 
Mz, cm-N (in-lbf) . . . . . . . . . . . . . . . . .  ill30 (i100) 
My, cm-N (in-lbf) . . . . . . . . . . . . . . . . .  k1130 (i100) 
P 
The accuracy of data presented in  coefficient form is, of course, inversely propor- 
tional to the dynamic pressure and nondimensionalizing areas and lengths, as indicated in  
"Symbols." The data repeatability w a s  good because of the manner of acquiring data. A 
data point is normally 10 samples. When pressure data a r e  obtained, the balance measure- 
ments a r e  sampled 48 times. Thus, there is a statistical improvement in  accuracy of 3.3 
when 10 samples are taken and 6.9 when 48 samples a r e  obtained. (See ref. 5.) 
1' The rotor balance measured five components, although only two of these, thrust and 
drag, were of interest. The thrust range capability was 0 to 623 N (0 to 140 lbf) with an 
accuracy of i2.2 N (i0.5 lbf). The drag range was i133 N (k30 lbf) with an accuracy of 
52.7 N (i0.6 lbf). The statistical improvement in  data repeatability, as a result  of the 
data compiling procedure, is true for these data as well. 
The accuracy of attitude angles and windspeed also influenced data accuracy. Angle 
of attack (Y and angle of sideslip /3 were within 0.lo of the nominal value. Windspeed 
measurements were within 0.5 knot. Collective pitch settings were accurate within i0.1'. 
For most of the test program, the rotor collective pitch setting was 8.0° with a rotor 
speed of 3600 rpm; for early test runs,  the pitch setting was  9.0° with a rotor speed of 
3350 rpm. 
T 
k PRESENTATION OF DATA 
The results of the wind-tunnel investigation are presented in te rms  of conventional 
aerodynamic force, moment, and pressure coefficients. As an aid to the evaluation and 
analyses of the results, figures 5 and 6 are presented. Figure 5 shows the variation of 
rotor thrust, rotor drag, and calculated wake angles as a function of windspeed for the 
rotor used in this test program when tested alone. Figure 6 shows typical main-rotor 
power for a helicopter as the equivalent yawing-moment coefficient required of a tail 




presented in  figures 7 to 48. The appendix has a complete listing of the six components 
of fuselage forces and moments (in coefficient form) measured as well as the thrust coef- 
ficient. Selected portions of the pressure coefficient data are presented in  figures 51 
to 70. Comprehensive tables of the pressure data are available in  a supplement to this 
report  which is available on request. Inclusion of the test run number in  figures and 
data listings provide a means of correlating test conditions and data. 
Figure 
Sideslip effects on yawing-moment and side-force coefficients Cn 
and C y  for - 
Model 1: 
Rotor o f f .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 to 11 
Rotor on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 to 16 
Rotor o f f .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 to 21 
Rotor on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 to 25 
Roto ro  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 
Model 2: 
Model 3: 
Coefficients C,,, and Cy,s for - 
Model 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 to 30 
M o d e l 2 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31t034 
Angle-of-attack effect on yawing-moment and side-force coefficients Cn 
and C y  for - 
Model 1: 
Rotor o f f .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 to 38 
Rotor on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 to 43 
Rotor off .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44 to 45 
Rotor on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 to 47 




Sideslip effect on yawing moment as a function of windspeed . . . . . . . . . . .  
Comparison of yawing-moment envelopes with antitorque tail rotor requirement as 
a function of windspeed . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 
Sideslip effect on pressure distribution (on sides of the models) for  - 
Model 1: 
Rotor off. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 to 53 









Rotor of f .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 to 59 
Rotor on 60 to 61 
Rotor o f f .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  z 
Model 3: 
Angle-of-attack effect on pressure distribution (on top and bottom of models) for - 
Model 1: 
Rotor o f f .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 to 64 
Rotor on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 to 66 
Rotor o f f .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 to 68 
Rotoron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 
Rotor of f .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
Sideslip effect on center of pressure (models 1, 2, and 3) . . . . . . . . . . . .  71 to 73 
Model 2: 1 
Model 3: 
Reynolds number effects for a typical elliptical fuselage c ross  section . . . . .  74 1 
Comparison of Reynolds number effects on longitudinal characteristics of model 2 
as compared with full-scale characteristics . . . . . . . . . . . . . . . . . .  75 
DISCUSSION O F  RESULTS 
The rotor wake at low-flight speeds immerses  a helicopter fuselage in  a swirling, 1 
relatively strong flow that can be expected to strongly affect fuselage aerodynamics. The 
flow is complex and self-distorting. (See ref. 6.) Axial s w i r l  is induced by the profile 
drag of the rotor blade; there are strong vortices generated by the rotor blade tips; the 
lateral extremities of the wake roll up as does any wake trailed by a finite-span lifting 
surface. Wake skew angle is an adequate general indicator of the strength of the momen- 
tum flux through the rotor relative to the free-stream flow; the angle is determined as a 
function of rotor thrust and drag according to the derivation in  reference 4. High thrust 
and low windspeed results in  a small angle from the vertical. As windspeed increases 
angle var ies  significantly with windspeed in  the range of 0 to 60 knots. 
1 
\ or thrust decreases,  the angle approaches a value of 90°. Figure 5 indicates that this 
The performance characteristics of the rotor alone are indicated in  figures 5(a) 
and 5(b). Because a fixed collective was  used throughout the test program, disk loading 
increased moderately as the free-stream windspeed was increased. The resulting varia- . 
I tion of wake skew angle for the investigation is shown in figure 5(c). The data may be 
read for different values of lift i f  the appropriate values of wake skew angle and then the 
corresponding airspeed are determined. 
Yawing Moment and Side Force 
Since yawing-moment characteristics, supplemented by side-force characteristics, 
were of the greatest  interest, only these data a re  presented in figures 7 to 48. The con- 
figurations consisted of combinations of the three fuselage shapes, with and without 
vertical- and horizontal-tail surfaces, and with and without rotor. Configuration nomen- 
clature used i n  the figure keys and illustrations of each configuration are given in table II. 
Figure 7 shows the com- Model 1 was tested with four vertical-tail configurations. 
parison of yawing moment for  the four configurations. It is evident that the fuselage with- 
out a vertical tail is moderately unstable in  the range of sideslip -20° to 20' (at an angle 
of attack of Oo). The three tails provide a moderate stabilizing effect in  that range. 
Also, they are nearly identical i n  yawing-moment characteristics throughout the sideslip 
range. Figures 8 to 11 show the results of varying windspeed for the four tail configura- 
tions. No significant anomalous aerodynamic characteristics attributable to Reynolds 
number effects are evident. Qualitative consideration of possible Reynolds number effect 
is presented in  the section "Reynolds Number." In general, the data for model 1 config- 
urations without the influence of rotor wake show reasonable, symmetric variations about 
a sideslip of 00. 
The strong influence of the rotor wake on model 1 is shown in figures 12 to 16. 
Maximum yawing-moment peaks for rotors-off configurations occur at angles of sideslip 
of 120° to 130°. With the rotor wake, these peaks occur at sideslip angles as low as 70°. 
The data show discontinuities at low windspeeds (15 to 25 knots) at sidewind conditions 
(sideslip angles near *goo). This characteristic is attributable to the configuration 
change from nose to tail mounting on the sting. The usual symmetry of yawing-moment 
data about a sideslip of 0' for rotor off is altered appreciably with the addition of a rotor 
wake. In general, the rotor wake has  a much stronger effect on Cn at lower airspeeds 
and causes the fuselage to stabilize i n  yaw about a sideslip angle of approximately 20°. 
The directional characteristics of model 2 are similar to those of model 1; that is, 
the same pattern of yawing-moment variation influence is evident i n  figures 17 to 21. 
The maximum moment occurs at 1200 to 130' with the rotor off. With the rotor on 
(figs. 22 to 25), the peak occurs at a sideslip angle as low as 60°. As with data for 
model 1, data for the model with the rotor wake effect show discontinuities at sideslip 
angles of 90' and -90'. (See figs. 22(g) and 23(g).) 
Model 3 was investigated without the rotor only. A comparison of its directional 
characterist ics with models 1 and 2 is shown i n  figure 26. In the sideslip range of -20' 





moment and side-force characteristics of model 3 with sideslip is very similar to those 
of models 1 and 2. 
To determine how well the rotor-on data could be condensed to a single curve 
sionalized with slipstream dynamic pressure rather than with windstream dynamic pres- 
sure.  The results are shown in figures 27 to 34. For models 1 and 2 with vertical tails, 
the data do condense reasonably well, especially for the sideslip range of 20° to 90'. 
This range is the most significant range in that i t  is burdening the tail rotor. However, 
the scatter in the data and variation in trends reilect the complexity of the variation in  
the total flow field with changes in windspeed (and wake skew angle). 
representative of all windspeeds, the yawing-moment and side-force data were nondimen- 1 
m 
All three models were subjected to angle-of-attack excursions a t  various sideslip f 
angles. The results a r e  shown in figures 35 to 48. The effect of angle of attack on yaw- 
ing moment of the various configurations is moderate. This result  appears to disagree 
with the conclusions of reference 7. (The shape of model 2 of this investigation is simi- 
lar to that of model D of ref. 7.) Reference 7 dealt with helicopter fuselage models 
which have a rotating hub. However, two aspects explain the disagreement. First, the 
hub of reference 7 incurred a Magnus effect contributing to side force at zero sideslip. 
This condition effected sidewash at the vertical tail and contributed yawing moment at 
zero sideslip. Secondly, reference 7 explored a limited sideslip range of *8O; whereas, 
this investigation explored the whole sideslip range of *180° but did not acquire data at 
sideslip between 00 and +loo or Oo and -10'. The moderate effect of angle of attack on 
yawing moment and side force at various sideslip angles makes the results for the side- 
slip excursions of *180° conducted at an angle of attack of Oo generally applicable for 
moderate angles of attack. T 
The application of the results of this investigation is useful in  the determination 
of the required yaw control capability of the tail rotor on a single main-rotor helicopter. 
The results indicate that for the sideslip range of approximately 25' to 170°, the yawing 
moment due to rotor wake is additive to the basic main-rotor antitorque requirement of a 
tail rotor. For  the rest of the sideslip range, of course, the yawing moment due to rotor 
wake reduces the yaw control required of the tail rotor. Figure 49 shows the variation 
with windspeed of this additional requirement for selected sideslip angles; this figure has 
data for models 1 and 2 and with and without vertical tails. 
I 
Figure 50 shows comparisons of the envelopes (maximum and minimum yawing 
moment for the sideslip range of *180°) of wake-affected yawing-moment coefficient with 
a typical envelope (see fig. 6) of equivalent yawing-moment coefficient required of a tail 
rotor for antitorque. Both forms of yawing-moment coefficients are shown for model 2 
with the tail mounted. The slipstream dynamic-pressure coefficient (fig. 50(b)) provides 
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that provided by the yawing- moment coefficient based on windstream dynamic pressure.  
It is evident that at  extreme sideslip and windspeed a tail rotor may be required to pro- 
vide a total yaw capability of nearly twice the main-rotor antitorque requirement. 
Pressure  Distribution 
Pressures  were measured for selected test conditions and configurations. Of these 
data, the pressure coefficients measured on the sides of the fuselages are presented in  
figures 51 to 62 to show sideslip effects. The pressure coefficients for the top and bottom 
center line of the fuselage are presented in figures 63 to 70 to show the effects of angle of 
attack. These data serve to describe the load distributions and the resultant yawing 
moment of the fuselages as shown previously i n  figures 7 to 48. 
The influence of rotor wake on pressure distributions on the model 1 fuselage is 
shown in figures 54 to 56. Without the rotor,  coefficients range from -2.0 to 1.0 
(figs. 51 to 53). With the rotor,  rotor wake effect results in  coefficients greater  than 1.0 
and l e s s  than -3.0. This greater range is because the dynamic pressure of the regions 
of the rotor wake that impinge on the fuselage i s  greater than the sl ipstream dynamic 
pressure.  A comparison of figure 51 with figure 54 illustrates this amplification caused 
by rotor wake. Also evident in  figure 54, is the diminishing influence of rotor wake on 
fuselage pressures  as the windspeed increases to 45 knots. . The presence of the vertical 
tail, as expected, affects the pressures  only to a minor degree. The data obtained for the 
portion of the sideslip range near a rearward flight condition are presented in  figures 53, 
55, and 56. The trends of pressure patterns for model 1 a r e  in agreement with the 
yawing-moment variations with sideslip and windspeed shown in figures 12, 13, and 14. 
Pressure  patterns obtained for model 2 at various sideslip angles and windspeeds 
(figs. 57 to 61) differ from those of model 1. There is, of course, a distinctive difference 
in  fuselage shape of the models which accounts for the pressure difference. Model 2 has 
a bulbous forward fuselage, fairing into a slender "tail boom," which supports the vertical 
tail whereas model 1 is relatively slender overall. Neither model had pressure taps 
close enough to the end of the fuselage to provide for an evaluation of the discontinuity in  
yawing-moment variation at p = 90° and p = -goo, as mentioned previously. 
Some of the pressure patterns obtained for model 3, which was tested without the 
rotor,  are shown in figure 62 for various sideslip angles. The patterns are similar to 
those of models 1 and 2 (figs. 51 and 57) and apparent differences reasonably reflect the 
difference in  fuselage shape. 
The effect of argle of attack on pressure distributions along the center line of the 
fuselages is moderate as shown in figures 63 to 70. A comparison of figures 65, 66, 
and 69 (rotor on for models 1 and 2) with figures 63, 64, 67, and 68 indicates that this 





The center of pressure for these pressure distributions can be evaluated from the 
force and moment data; for pitch center of pressure,  pitching moment divided by normal 
force; and for yaw center of pressure,  yawing moment divided by side force. Figures 71, 
72, and 73 show this for (1) comparisons of the three models, (2) rotor wake effect on 
model 1, and (3) rotor wake effect on model 2. In an ideal fluid, a slender streamlined 
fuselage shape can have the center of pressure at infinity where the resulting pressure 
distribution yields only a pure couple with no resultant force. 
erate angles of attack or sideslip, the center of pressure moves usually to a position 
moderately ahead of the nose of the fuselage. 
is essentially t rue for the sideslip range of *loo. For the extreme angles of sideslip, 
beyond this range, the center of pressure moved behind the moment resolving center, 
close to the center of the fuselage. (See fig. 71.) The influence of the rotor wake served 
to make the flow conditions affecting the model pressure distributions even less ideal 
(figs. 72 and 73) and thus the center-of-pressure variations are very erratic. 
For real fluids and mod- 
For the models of this investigation, this 
Reynolds Number 
The significance of Reynolds number that affected the model characterist ics is not 
readily evaluated. Only qualitative considerations are possible for several  reasons. 
First, the wake of a rotor is a complex turbulent flow which impinges on sections of the 
fuselage. Second, even without the rotor wake, the extreme sideslip angles that these 
models were subjected to introduces the uncertainty of defining an appropriate character-  
is t ic  length for Reynolds number. The length could be the total axial dimension of the 
fuselage as in  references 7 and 8. However, the cross-flow velocity component, that is, 
the velocity perpendicular to the fuselage longitudinal axis, becomes important as the side- 
sl ip angle increases. The characteristic length for the cross-flow Reynolds number is 
typically the depth of the fuselage, as shown in sketch (a), which var ies  over the length of 
the fuselage: 
Sketch (a) 
Consideration of Reynolds number effects can be based on the difference in  charac- 
terist ics between subcritical and supercritical flow regimes. The Reynolds number that 
12 
. 
the models experienced ranged from 5394/cm (13 700/in.) to 23 622/cm (60 000/in.) for 
windspeeds of 15 to 60 knots and depending on rotor on o r  off. The turbulence created by 
the rotor would tend to increase the Reynolds number. In general, the models experienced 
less than the "critical" Reynolds number, that is, where force coefficients decrease as 
Reynolds number increases. 
range, that is, greater than 400 000. 
Full-scale Reynolds number would be in  the supercritical 
The significance of Reynolds number effects is shown by references 9 to 13. In 
these, the variation of aerodynamic forces of various cylindrical shapes is defined. 
Reference 12 presents extensive data regarding a variety of noncircular two-dimensional 
cylinders and includes the elliptical shape which is most pertinent to the three fuselage 
models i n  this test program. Data from reference 9 (shown in fig. 74) indicate that the 
yawing moment shown for the fuselages tested without the vertical tails should be reduced 
by 50 percent to be representative of full-scale values. 
The vertical-tail fins mounted on the fuselages provided a significant contribution 
to the side force and yawing moment. The influence of extremely low Reynolds number 
on airfoils is dealt with in reference 13. Therein, the Reynolds number influence is indi- 
cated to be predominantly near the maximum lift of an airfoil, that is, near o r  at stall 
angles of attack. Since for the'wide range of sideslip angles in  this program, the maxi- 
mum lift (effectively side force) that the tails experience occurs in only two small  regions 
of sideslip angles (loo to 20' and - 10' to -20°), the significance of low Reynolds number 
for the tail surfaces appears to be minimal. 
The other forces and moments (lift, drag, pitching moment, and rolling moment) are 
also affected by low Reynolds number. Reference 8 describes a wind-tunnel investigation 
of a full-scale helicopter fuselage similar in shape to model 2 of this investigation. Lon- 
gitudinal data therein were obtained at a Reynolds number, based on fuselage length, of 
42 X 106. A comparison of these data with data for model 2 obtained at a Reynolds num- 
ber of 1.8 x lo6 is shown in figure 75. The correlation is rather poor and may be 
explained by ihe large difference in test Reynolds number. Differences in body shape and 
minor differences in configuration may contribute to a lesser  degree to the poor correla- 
tion. Definition or evaluation of the influence of Reynolds number is evidently very 
uncertain for longitudinal data; however, these components are of less significance 
regarding the objectives of this investigation. 
- 
SUMMARY OF RESULTS 
The resul ts  of a wind-tunnel investigation of influence of rotor wake on helicopter 
fuselage models indicate the following conclusions: 
13 
I 
- i i  
. 
1. The rotor wake significantly increases fuselage yawing moment that the tail 
rotor must counteract for sideslip angles greater than 20°. 
2. The influence on the fuselage yawing moment of the low Reynolds number char- 
acterist ics of this investigation i.s significant and makes the results of this investigation \ 
conservative i f  utilized for the design specification of a tail rotor. 
Langley Research Center, 
National Aeronautics and Space Administration, 




FORCE AND MOMENT DATA 
The force and moment data, presented graphically in  figures 7 to 48, are presented 
in tabular form in  this appendix. Each block of data represents one run or parameter 
sweep. The configuration numbers a r e  described in  table II and the table column headings 
are described in the "Symbols" section. The angles CY and p are in degrees; Q and 





RUN 5 C f l N F l G U R A T l O N  11 
POINT VvKT 4LPHA BETA CNF CAF CPM CRM CVM C Y  C H I  C T 5 S I G  f U S S l G  VT 0 OS CVMS CSFS 
1 3 5  58.6 -0 -.I . 0 0 0 3  -0340  --0007 .OD01 .0015 -0033  90.0 .OOOO .OOOOQ ' L O  584 .7  586 .7  .0015 .0033 
136 58.7 10.2 - . I  . 035b  .OW1 -0052 -.0001 .0012 - 0 3 4 4  90.0 .0301 -0C300 1 . 7  585.5 585 .5  .0012 .0044 
137  58-5  5 - 1  - - I  -0197 -0399 -0014 .OOOO .0017 - 0 0 6 7  90.0 .OOOO .OOOOO 0.0 582 .3  582 .3  .0017 .OOLl  
138 5 8 - 5  -0 - . I  -.OOll -0331  - - 0 0 0 8  .0001 . 0017  -0060 90.0 -0300  .OOOOO 0.3 581.1 581.1 . e 0 1 7  .0045 
1 3 9  58.6 -5.0 - . I  -.0097 -0307  --0046 .0002 .0014 -0049 90.0 -0000 .00000 0.0 583 .9  583.9 .0016 .0019 
IC0 58.6 -10.3 - . I  - . 0271  - 0 3 0 6  - . 0082  .OO04 .0009 -0081 90.0 .'l?JO i o 3 3 7 3  0.9 584 .3  5 0 4 . 3  .0009 .008Z 
141 50.6 - 1  - . I  .0005 - 0 3 2 6  - .0008 -3001 .0018 .W40 90.0 -0300 .00000 0.3 503 .9  503 .9  . O O l n  -0013 
AVERAGE T I P  SPEED 14710 = .OOO AVER4GE 3 F  48OVE VLCUES 90.0 .OOOO -00000 - 0  503 .7  583.7 
RUN 6 C O N F I G U P 4 T I O N  I 1  
POINT V,KT 4 L P U 4  B E T 1  CNF CAF LPM CRM CVM CSF C U I  C T F S l T .  CUSSIT.  VT 0 OS CVMS C S F S  
I44 58.6 .O -10.0 - .0268 - 0 2 4 6  .OW5 .0037 .017I . I125  90.0 .9000 .COO13 0.0 504 .3  584.3 . 0111  . I 1 2 5  
145 58.6 10.2 -10.0 -.0118 .Or17 -0239 -.0013 -.0002 . I 6 7 0  90.0 .0003 .OOOOO 0.0 504 .3  586.3 - .0002 . l b 7 0  
146 50.6 5 . 1  -10.0 - . 0 3 0 3  - 0 3 0 3  -0199 .0015 .0113 . I 3 5 7  90.0 .OOOO .On000 3.3  5 8 3 . 9  5 8 3 . 9  .0111 . I 3 4 7  
147  58.6 -SO 4 0 . 0  -.0267 - 0 2 3 6  .OW7 .003R . 0 1 7 1  . I 1 4 7  90.0 -0100 .OOOOO 0.0 583 .9  583 .9  .0171 . I147  
148 58.6 - 5 . 1  -10.0 -.I3252 .0206 -.OOOC .006O .Ol69 . IO81  90.0 -3JOO .00393 0 . 1  583.1 503.1  .Olb9 .IO81 
I 4 9  58.6 -10.1 -10 .0  - .0309 .Ol94 - .0072 -0079  . 0 1 3 4  . I 1 8 3  90-0 -0001 .00030 0.0 5n3.5 5 0 3 . 5  .013C . I 1 8 3  
150 58.5 -.O -10.0 - . 0255  -0245 -0085 .0030 . 0170  . I 1 0 6  90.0 -0000 .00303 0.J 582 .7  502.7 .0110 . I 1 0 1  
AVER4GE T I P  SPEED R A T I O  = -000 LVERAGE I F  ABOVE VALUES 90.0 .1003 .30000 .'I 503 .7  503 .7  
R l l N  7 C O N F l G U R A T I 3 N  1 1  
P O I N T  V.KT ALPHA B F T 4  CNF CAF CPM CRY CVM CSF C H I  C T T S I G  CUSSIT. V l  0 OS CVMS CSFS 
153 58.6 .O -20.0 - . 0 5 2 3  - -0021  -0074  . 0081  . O L I O  -3045  90.1 -0003 .Q5030 1 . 9  513 .9  583.9 .Ol7(I . ) O S 5  
154 5 8 - 6  10.2 -20 .0  - .0151 - 0 0 5 7  -0113  -0009 -.30k3 -4032 90.0 -0300 .00900 0.0 5 8 6 . 1  584 .7  -.0043 .bo32 
155 58.6 5.1 -20 .0  - .OS04 - e0003  -0159 -0051 .0104 - 3 3 9 2  90.0 .OOOO -0OOQ3 0.1 583 .1  583.1 .0106 . 3 W 2  
156 58.6 . I  -20.0 - .0522 - s o 0 3 5  . so076  -0987 -0176 .30b8 90.0 .5303 .03003 0.3 W3.9 503.9 .01?6 .)Oh0 
157 58.6 -5 .1 -20.0 - .0530 - - 0 0 5 8  --0023 - 0 1 2 3  .0195 .2898 90.0 -0100 .00030 0 .1  503.1 503.1 .0195 .20911 
158 58-5  -10.1 - 2 0 . 0  - . 0549  - s o 0 5 2  - -0107 -2157 .015b -2913 99.0 - 0 5 0 3  -30000 3.1 501.9 581.9 .O l5h  -2973  
159 58.5 . I  -20.9 - . 0526  -.0029 - 0 0 7 6  -0087  .0177  .3925 90.0 .0300 . 00005  0.1 5-2.3 512 .3  . 0177  .3025  
AVERAGE T I P  SPEED R4T 10 - .OOO A V E R 4 C E  3 F  A0OVE VALUES 90.0 .OOOO .OOOOO -3  583.3 S83.3 
POINT VIKT 4LPUA B E T 4  
162 58.6  .0 -30 .0  
l b 3  58 .6  10 .1  -30 .0  
16I 58.7 5.1 - 3 0 . 0  
I65 58.6 - . I  - 3 0 . 0  
l b b  58 .5  - 5 . 1  -30 .0  
167 58 .5  - 1 0 . 1  -30 .0  
1 6 8  58.5 .O -30 .0  
AVERAGE TIP SPEED R A T I O  
P O I N I  
172 




1 7 1  



























58 .4  
58. I 










. 3  




. I  
. I  
. 3  
- .J 





B E T 4  
.O  
13.1 
2 0 . 1  
33 -0 
70 .5  
8 0 . 0  
0 9 . 8  
39 .9  
. I  
-9.9 
-20 .0  
-31.5 
- k O . O  
-50 .0  
- 6 O . C  
-bP.P 
- 0 0 . 0  
90.0 
.o 
RUN 8 C 0 ~ F l O ) R A T l O N  I 1  
CNF CAF CPM CRM CY* CSF C U I  C l S S I G  CUSS15 V T  0 OS CVMS r S F S  
-.os18 -.0709 -.0223 . o m  .ooni  . ~ i a  90.0 .OOOJ . Q O O J O  0.3 513.9 581.9 . O O ~ I   IO 
- . 0 0 3 2  - .Ob69 - .0173  - 0 0 5 8  -.0092 -6789  93.0 .0300 .OOOOO 0.0 506.3 5114.3 - . 009?  - 6 7 8 9  
-.0332 - .0717 -.0178 -0117 .OOlb .b305 90.0 .0300 .OOOOO 0.0 385.1 505.1 .OOlb .h305 
-a0516 - . 0 7 2 3  -.022b - 0 1 5 8  . 0 0 7 9  -5830 90.0 .0310 .'IO333 0.1 503 .5  5 0 3 . 5  .3079 . W O O  
-.OB51 -.071b --018b -5195 . D l 2 4  -5670  90.0 .OOOO .00000 0.3 502 .7  502.7 -0126 .567D 
- .IO67 -.Ob81 - . 0 1 3 3  -0226 -0126 -5371 90.0 .C300 .00000 0.0  501.9 5 n l . 9  -0121  .5311  
- .052l  - .0725 -.0220 -0157 -0077 -5016 90.0 .no00 .OOOOO 3.0 5Q2.1  502.1 .0077 .5Olb - .030 AVERAGE OF AROVE VALUES 90.0 .OD00 .OOOOO .J W3.+ 503.4 
1 
CNF 








. o m 1  
-.0253 
- . 0 5 0 5  
- .OS84 
- . 2 0 2 4  
- .3319 
e05 72 




C A F  
- 0 3 4 4  
- 0 2 9 3  





- . I471  
-031  7 
-3237  -. 0 3 3 1  
- .0709  
- . l 5 l I  






R u 4  
c P L  
-. OOOI 
.007L 
. O I 1 6  
- . 0226  -. 0326 





- 0 0 7 5  
- .0235 
- .0335 




.0024 -. 0003 
9 
C R M  
A001  






. 0036  
.0088 














- . 0074  -.Sb41 
.IO51 -1.1593 
-1173  -1 .1410  
.I205 -1.l266 
.o.?oo - .a435 
.DO07 .0005 
.Olb8 .I102 
. O I l b  -3090  
.0090 . 57b5  
- .0133 .on32 
- .014L 1.2067 
- - 0 5 5 8  1.3130 -. I010 I .  I460 
-.I291 1.09IL 
.0009 .0111 
- . i z a >  1.1330 
I O N  I I  





















C T S S l G  
.JIJJ 
.oooo 
.3301 . 0000 
.3330 . OOO@ 
. 0300  . 0000 







. c230  . ooco 
.oooo 
C U S S l G  











































583 .5  
582 .3  








502 .3  
503 .9  
586 .3  
582.1  
503.5 
o s  
583 .  I 
504. 3 
505.1 
583 .5  
502.3 
585. I 
581 - 9  
585.1 
505. I 




5 8 2 - 3  
503.9 
584.3 
502 .7  
5 w . 3  
5 ~ 3 . 9  












- . 0 1 3 3  
-.Ob+b 
- .0558 
-.IO18 -. 1203 
- . I291  . 0009 














1 .3130  
1.1440 
1.1338 
1 . 0 9 I I  
.0011 
.00a5 


















2 t 7  




2 1 2  
213 





29 .3  
29. b 
29.3 
29 .3  







2 9 . 3  
2 9 . 3  
29.3 
2 9 . 7  
29.4 




- . I  
- . I  
- .3 
- . 5  
-..1 -. J
- . 3  
3.0 
. 3  
. J  
. I  
. I  
. I  
. I  
. I  
. I  
. I  
3 . 0  
-.* 









1 2 . 1  
e 2 . i  
.o 
- 1 2 . 3  
-19 .9  




-69 .8  
- P O . J  
-89 .9  
. o  
.I00 I 
- . O s 2 6  -. 3605 
-.r)992 




. > I 8 3  -. 3 I99 
.OOh4 
- . 0 2 2 8  
- . 0 * 2 2  
- . 3 3 6 3  
-.3869 
- . 2 5 5 5  
-.J041 
- 5 2 5 1  
. 0 3 3 0  
-.Ol5I . JG62 
- . ~ 1 9 n  
. C 3 6 2  
.0317 
.0597 
- . O S 1 6  
- . 1 4 4 C  
- .7280 








-.OS92 -. 1350 
- . 2275  
- . 3 l L B  
- .oco I 
-.OC92 
- . 0525  
- 0 3 8 5  
.OD03 
. O D 6 4  
-0091  
- .0213 
- . 0519  
- . O b 4 0  
- .Ob03  
- .0376 




. 0 0 7 7  
. O J O l  
-.OZb7 
- . 0 4 3 3  -. 0 5 9 9  
- .0528 
- . 0 2 0 6  
- . O I L 9  
. 0 1 1 3  
.0003 
.OOOl 
- . a034  
- .0078 
- . O l 4 b  
- .Olb7 
- .0174 
- .5170  
- . O 1 2 3  
- .0111 
- . O I C 2  
- . J033  
.SO02 . 3034 
.9079 . 5148  
-0175 
. q I b l  
. > I 6 1  
. O I I 8  
. 3 l O B  




- . 0 1 4 3  
.0014 
. 0 2 1 1  
.0573 
. O S 2 2  
-3993  
- 1 1 3 3  
I256 
- . 0 1 b O  
.0022 - 0165 
.O 147 
- . 0059 
--0172 - -0545 
- . o w n  
- . l o18  
- . I 1 8 0  
- . I 2 7 9  
.0013 
- 0 0 5 6  
-.09?1 
-.29l5 
-.bOhl -. 937) 
- I  .zoo3 
-1 .1573 
- 1 - 1 5 3 5  
- 1 . 1 2 1 9  









I.  1524 
l . I I I 2  
.0354 
.o3n I 
9 0 . 0  







9 3 . 0  










90 .0  
90.3 
90.0 
. C O O 0  
.c103 
.0300 














. C O C O  
.oooo 



















. 00023  
.3@C03 
.00000 
. O O C J O  
. c o r 3 c  







0 . 3  
1. 3 






























lb5 .7  
145.3 
I b7.3 
I 4 R . l  
147- 7 
146.9 .OOOO 
145.1 - . O I 5 9  
148 .1  -.0143 
145.7 .0014 
145.7 . 0 2 l l  
146 .5  -0573  
146.1 -0522 
IS5 .7  . O W 3  
145.3  -1133 
141.1 . I 2 5 6  
115.7 - .0163 
147.7 .002? 
147.7 -0165 
147 .7  .O147 
146.5 -.0009 
146.1 -.0172 
145.7 - .OS45 
1b5.7 -.DI88 
1b5.3  -.IO10 
1b7.1 -.I180 
146.1 - . I279  
147.7 .0013 









-1 .1279  
-1 .1220 
- .0977  
.0081 










R l m  I !  C O N F I G W A T I O Y  I1  
P O I N T  V.KT A L P M I  P E T A  C N F  C A F  C P L  C R M  CVM CSF C H I  C T S S I G  C M S \ I G  V l  0 O S  C V l r  C S F S  
229 14.5 - 0  
2 3 3  14.6 -.O 
231 14.5 .-.O 
232 14.4 -.O 
234 14.4 -.O 
235 14.4 -.O 
236 14.b -.O 
2 3 7  14.b -.O 
238 14.4 -.O 
239 14.7 - . O  
240 14.4 0.3 
2 4 1  14.4 .o 
242  IC.*  .2 
2 4 3  l b . 4  -0 
2 1 4  14.4 . I  
245 14.4 . I  
216 14.3 . I  
247  14.3 - 1  
248 14.5 . I  
AVERAGE T I P  S P i E  
2 3 3  14.4 -.o 
P O I N T  V I U T  ALPHA 
2 5 1  43.6 .O 
252 43.6 -.O 
253 43.7 -.O 
254 43.6 -.I 
255 43.9 - . I  
256 43.7 -.I 
2 5 7  43.6 -.O 
258 43.6 -.O 
2 5 9  43.6 -.O 
260 43.7 -0  
261 43.1 -.C 
2 6 2  43.6 -0 
263 43.8 -0 
264 43-6 -0  
265 43.7 - 0  
266 43.7 -0  
2 6 7  43.1 . I  
268 43.8 . I  
269 43 .1  - 1  





















0 R A T I O  
- . 0 9 7 5  
- . I 2 8 3  -. 1394  
- . I493  
-.2101 






- . O B I 3  
- . I106  -. I979  
-.3165 
-.Ob75 
- . I633  
-.0152 
-.Ob79 
' = -050 




- . I 3 5 0  
- .24b3 -. 3561 
-.ow I 




. 0 2 9 8  




- . 0288  
-.0348 
-. 0031 -. 3 O O b  
.0520 -..I041 
-.00@b -.0093 
- . O W 6  - .0157 
-.OW7 -.O223 
-.On75 -.3198 
- . O W 2  - .0207 
- .0458 - .OlSb  









- . 0087  .0127 
- .038b .OlOl 
-.OlOl .JO90 
AVERAGE J 









. I 2 6 4  
.0081 





-.3523 -. 0924 










-1 .3651  
-.0119 - 1275 






















9 0  .o 
90.0 
90.0 




.?33n . 0000 
.0300 
.oooo 












.oooo . 0000 
.oooo 
.a0330 



















0 . 3  
0.9 
0 . 3  
0. 3 
0.3 










3 .3  



















































- 0 1 7 1  







.0012 -. 0103 
-.Ob43 -. 0523 
-.0924 -. 1411 
-.I506 
. 0 1 2 7  
- .0079 - - 3 7 9 8  
- . l o l l  
-1 .1187  
- 1  - 5  164 
-1 .7196  
- I  +4290 












RUN I2 C O W F I W R A T I O N  11 
BETA CNF CAF C P M  CRM CVM (SF C H I  C7SSlG CWSSIG VT Q 
0.0 - 0 0 5 4  - 0 4 2 5  -.0012 .OOOO .0010 -.0003 90.0 .0000 .OCOOO 0.0 326.8 
10.0 -.0250 -0396 -0074 -.0042 -.0193 - . I 2 0 8  90.0 .OOOO .OOOOO 0.0 326.8 
20-0  - -0523 - 0 0 7 6  .0089 -.010b -.0207 -.3541 90.0 -0300 .OOOOO 0.0 328.8 
3 0 - 0  -so503 -a0725 -.0281 -.OIBl --0036 -.IO48 90.0 .OOOO .00500 9.3 327.6 
40.0 - - I282  - . I717  -.0565 -.0226 -0213 -1.0905 90.0 .OOOO .OOOOO 3.0 312.3 
50.0 --3151 -.2901 - - 0 7 5 9  -a0203 - 0 6 7 6  -1.4657 90.0 .OOOO .OOOOO 0.0 328.0 
60.0  -.0013 - -4022 -.0199 -.0197 .Ob41 -1.6437 90.0 .0300 .00000 0.0 321.5 
70.0 -0453 --Ob78 -.0436 - .Ol48  - 1 0 1 7  -1.6016 90.0 .OOOO .OOOOO 0.3 326.5 
80.0 - 0 4 3 4  -sol59 - .0335 -a0133 -1159 -1.3797 9 0 - 0  -0300 .OOOOO 0.0 326.5 
90.0 -0095 -a0932  -.0036 -.0120 -1263 -1.3502 90.0 .OOOO .OOOOO 0.3  328.0 
0.0 -0106 -0416 -.0015 -.OJOI .0004 -.0041 90 .0  -0300 .OOOOO 0.0 329.2 
-10-0 -so256 -0318 .OORO rO035  . O L I O  -1064 90.0 .OOOO .00030 3.3 327.2 
-23.0 - . O S 3 4  .0012 - 0 0 7 0  .0086 .0176 -3067 90.0 .Oil03 .00050 0.0 330.8 
-30.0 - - 0 5 9 5  - -0777 -.0285 - 0 1 5 5  - 0 0 2 7  -6095  90.0 .OOOO .OOOOO 0.J 327.2 
-40-0 - . I 4 8 0  - - I 7 5 7  -.OS53 .0178 -.0217 .9094 90.0 .0005 .OOOOO 0.0 320.4 
-50-0 -.2232 - -2177 - .0781  .0162 - -Ob66  1.1997 90.0 .OOOO .OOOOO 0.3 328.8 
-60.0 - 0 5 0 5  - .3967 -.Or72 -0156 -.Ob53 1.3416 90.0 .OOOO .OOOOO 0.3 321.4 
-10.0 -0482 - -0560 -.0399 -0113 -.I226 1.1558 90.0 .OOOO .OOOOO 0.3 330.0 
-80.3 .Ob11 -.Ob58 - .0252 . O l O O  - . I 4 1 9  1.1390 90.0 .OOOO .OOOOO 0.0 327.0 
-90.0 - 0 2 5 9  - -0772  .DO% -0089 -.I546 1 . L L O O  90.0 -0000 .OOOOO 0.0 321-0 
' as CVMS CSFS' 
326.8 .a010 -.0003 
326.8 -.0193 -.I208 
321-8 - .0207 -.3541 
327.6 -.0036 - . l o 4 8  
332.3 .O213 -1 .0905 
321.0 -0676 -1.4657 
326.5 .Ob41 -1 .6437 
326.5 .I017 -1.4016 
321.5 -1159 -1 .3797 
328.8 .I263 -1.3502 
329.2 -0004 -.0041 
327.2 .DIT0 .I064 
330.8 .O171 . 3 0 6 7  
327.2 .0027 -6095 
3 2 L 4  - .0217 -90% 
321.8 -.Ob16 1.1997 
328.4 -.Ob53 1.3416 
330.0 -.I226 1.1550 
321.0 - . lbl9 1.1398 
327.0 -. L546 L-1108 
r 
t 
- k  
AVERAGE T I P  S P E E D  R A T 1 0  - .OOO AYERAGE 1F ABOVE VALUES 9 0 - 0  -0000 .OOGOO -3 328.2 328.2 
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RUN 1 3  C O Y F I G U R A r l J Y  1 3  

















































- . O  -. 0
-.o 






. I  
. I  
. I  
. I  
0.0 
10.0 











- 3 0 . 0  










- .2330  
-.Oca3 
- .0381 






- . I 1 4 8  
- . 3 5 3 3  
-.I117 -. 1 3 6 3  
-.a419 
-.0954 
. 0485  . 043 9 
- 0 1 1 7  
-.OW7 
- . I 4 5 8  
- . Z i l I  
-.3157 
- . O b 9 4  
-.Ob41 
- - 0 7 . T  _ _  
.Ob75 
- 3 5 3 9  
- 0 2 5 5  
- . 0 3 8 2  
- . I278  -. 201 3 










- . 0123  
-.OLb9 
-.0029 
- . 0 0 3 3  
-.0033 
-.004b 





- 0 1 5 3  
.0355 
.0025 
- . 0 0 3 6  
-.012b -. 3197 
- . a 2 4 0  
- . 0 2 2 4  









. 3 2 3 0  
- 0 2 3 8  
. 0206  
.1187 
.0190 
- .o I60 ~~ . ~ .  -. 0099 
.0297 
.Oh4? .. 
. I o I C  
.I419 
. I 4 6 3  . 1665 . 1889 
. > l o b  
- . o l e 9  
-.0232 
- .Ob30  
- .0918 
- . I274  
- .1613 -. L I R Z  
- . lb24  -. I938  
- . . ? I 1 6  
.0588 -. 1292 
- . ) E 3 5  
-.7592 
- 1.3849 
- 1 . 5 6 6 2  
-1.3370 
- 1.2523 
- I  .25b7 
.0389 
-1936 
. a 6 8 2  
L.IJ73 
I . 4225  
1.5374 
1.2918 
I.  2396  
1.2236 
- 1 . 0 5 9 ~  
























.OD00 . o c o 3  











.OJ3r) . ooc9 
.:7ao 
.oooco 
.3co5a . ooooc 
.3c303 . O J O ? C  







. O C G l 3  
. 3 3 ) 2 5  
.CCCCG 





3 . 3  
5. 3 
3 . 3  
3. Y 
7 . 3  
5. 3 
3.7 
J .  3 
3.3 
3 . )  
3.3 
7 . 3  
3.3 
3 . 3  
0. 3 
3 . 3  
0.3 
































3 6 . 2  











. 0291  
.0b41 
.1314 . 1419 
.1463 . 1665 
.1ee9 . 2106 
-.ole? 
- . 0 2 3 1  
- .3638 
- . 0 9 1 9  
-.I274 
- . I617  
- . I C 8 2  -. I 6 2 6  
- . I 9 3 8  
- .211b 
. 0 5 8 8  
-.I292 
- . 3835  -. 1492 
-1.0599 





.0309 . 1934 





1 .7918  
1 .2396  
I . 2276  
AVERAGE T I P  SPEED R A T I O  * .OOO AVERAGF 1 F  A B O V E  V l L U E S  90.0 -0900 .OCJ30 .’I 35.9 3 5 . 9  
RUN I 4  C O N F l G U R A l l O N  I 3  















































- . I  
- . I  
0.0 
- .3  





. 3  
.J 
.o 
. I  
. I  
. I  
. I  
P SPEE 
0.3 .000v 
10.0 - . 0 1 9 R  





80.C .0283  
93.0 - .0006 
3.0 .oo’rc 
-10.0 -.Ollb 
- 2 O . C  - .0367 
-10.0 -.Ob10 
-40 .0  - .Ob80 
-53.0 -.2470 
-bO.O -.Ob61 
-73.’) - . o w 5  
-80.6 -.0204 
-90.0 - .05S7 
0 R A T I O  = .000 
4n.o -.o%+ 
CAF C P M  C R *  C V M  CY 
- 0 4 1 2  .0019 .0027 - . G Z L O  . 051C 
- 0 3 2 5  .0010  -.go77 -.01’.3 - . L O O 6  
- .0055 -.0007 - . O L 2 2  .025I  -.3691 
-.0741 -.O236 - . J 2 0 2  .Ob44 -.7154 
- . I 6 5 1  - .072I  - .0249 .IC11 -1.0447 
-.24JL - . O l 2 b  - . 3 2 2 6  . I390  -1.3185 
-.337b -.0405 -e0235 - 1 4 8 1  -1.5321 
- .068b - . 0 1 5 1  -.Ol9b . I 1 5 2  - 1 . 2 8 4 8  
- .0793 - .0121 - .0100 . I 9 3 8  -1.2631 
.040b .0013 .no21  - .9213 .Ob04 
.029L .OO2b - 0 0 0 3  -.0235 . I768  
- .0050 . 0 0 3 2  .OLb5 - .OS% .4400 
-.Ob35 -.0125 .0229 -.0910 .1152 
- . I479  - . O S 8 8  .C2b2  -.I209 1.0801 
-.2137 -.0395 .0232 - . I595  1 .3643  
- .3ObO -.OlbO . a 2 4 0  -.1S77 1.5412 
-.Ob37 .0153 -0200  - . I195  1.2908 
-.0491 . 0 2 1 1  . J L 9 2  - .I994 1.2817 
-.OS31 .0435 .a189 - .2097 1.2300 
- .ow0 .ooeo -.3197 .215b -1.2550 
AVERACF 3 F  ABOVE V I L U E S  
C H I  C T S S I G  r c s s i c  d r  o a s  c v * s  C S F S  
90.3 . ) S a c  .CJ350  3.7 146.5 146.5 - .021? .O+lO 
90.3 .OOC0 .5SO3C 7.3 146.5 146 .5  - . a 1 4 3  - . 1 0 3 h  
90.0 . 0 3 5 3  .23;33 9.3 143.7 1 4 3 . 7  .025L - .3691 
90.0 .OOCO .OJOOC 3 . 0  115.7 145.7 . W44 -.7154 
90.3 .I339 .QOCJO 0.0 165.7 145.7 +LO11 -1 .0441 
90.0 .OOGO .OCOJC 0 . 5  141.5 144.5 .I390 -1.3185 
90.0 -3900 .303CJ 0.0 1 4 4 . 9  144.9 . I 4 8 1  -1.5321 
90.0 -0OCO .00000 0.3  145.7 145.7 . 1 1 S 2  -1 .2048  
90.3 .0300 .OOCOG 9 . J  145.3 145.3 . I 9 3 8  -1.2631 
90.0 .OOOO .00050 0 .3  145.7 145.7 . 2 1 5 b  -1.2550 
90.0 .S5CJ .03303 0.3 149.2 149.2 -.0213 .0404 
90.0 .OOOO .OOOOO 0.3 14b.5 146.5 -.0235 . I768  
90.0 .0300 .OOOOO J.J 145.1 145.7 -.0594 .4408 
90.0 ..0000 .00000 0.0 145.7 145.7 -.0910 .7752 
90.0 .0300 .CO32C 0.) 145.7 145.1 - . I 2 0 9  1.011Pl 
90.0 . O O O C  .OOCOO 3.3 145.7 145.7 - .I595 1.3643 
90.3 .3JC3 .00500 0.3 145 .3  145.3 - . IS71 1.5412 
90.0 .0000 .00000 0.0 143.7 143.7 -.I795 1.2908 
90.0 .OOOO .OOOOO 0.J 144.9 144.9 -.I994 1.2017 
90.0 .OOOO .OOOOO 0.0 145 .3  145.3 -.2097 1.2333 
90.0 . O C O 0  .OOOOO - 3  145.6 165.6 
I IJN 
P O I N T  V v K l  ALPHA B E T A  CNF CAF CPM 
3 2b 











































- . I  
-.2 










. I  
. I  





















4 0  .o 
.OIL2  -0408 -.OJO3 
-.0211 - 0 3 2 3  .00b9 
- .0441 -.00119 .0011 
-.OZ97 -.OB53 -.0235 
-.0851 - .1bh2 -.Ob00 
- .3143 -.2303 -.0400 
- . 0 1 3 2  -.‘3S02 -.0423 
-005b - .081b -.OOb2 
.0271) - .OW1 -.OM1 
.OOS9 -.I119 All37  
. O I L 3  - 0 3 9 5  - . 0002  
-.OLS5 .02SO .0025 
-.0389 - .00b0 - 0 0 3 7  
-.0562 -.070B -.OOP7 -. 172b - . I 4 8 4  -.0351 
-.)ZOO - .22b2 -.0451 
.O2bb -.311)9 -.OL82 
.OS39 -.OS70 .OOb8 
.OS14 - .Ob30  . O l O B  





















. 0 1 0  
. O i l 4  
C O N F t W R A T l O N  I 3  
C Y *  CSF C H I  C l S S l G  
- .0232 .0319 90.0 .OOOO 
- .0115  -.0971 90.0 .OOOO 
.0212 -.3480 90.0 .OOOO 
-0504 -.b675 90.0 .OOOO 
. L O 1 8  - .e020 90.0 .0900 
.155b -1.3019 90.0 .OOOO 
- 1 7 5 3  -1.51bS 90.0 .OOOO 
. I 7 1 0  -1 .2914 90.0 .OOOO 
-1962 -1.2738 90.0 -.OOOO 
.2131 -1.2579 90.0 .OOCO 
- .0231 .0382 90.0 .On00 
- s o 2 3 3  . I 6 9 3  90.0 .OOOO 
-.OS15 .413S 90.0 .OOOO 
-.On33 .7180 90.0 .OOOO 
- . I 1 6 9  1.OklS 90.0 .OOOO 
- . I696  1.3b15 90.0 .OOOO 
-.I103 1.6847 90.0 .OOOJ 
- . I 7 1 8  1.2b77 90.0 .OOOO 
-el943 1.2SOb 90.0 .OOOO 
-.2054 L.2084 90.0 .OOOO 
AVERAGE T I P  SPFEO l A T l f l  - .OOO AVERAGE 3F ABOVE VALUES 90.0 .OOOO 













.OOOOG . OOOO@ 
.ooooo 
.00000 







































S82 .1  
S81.1 







a s  C V M S  C S F S  
583.5 - .0232 .0379 
S85.1 -.OL75 -.0971 
1101.9 .0212 - . 3 4 8 0  
582.1 .OS84 -.b675 
502.7 .LO10 -.9820 
583.9 -1SSb -1.3079 
S79.b . I 7 5 3  -1.SIbS 
S83.9 . I170  -1.2914 
S87.4 -1962 -1 .2130 
582.1 -2131 -1.ZS79 
S79.6 -.0231 -0382 
578.4 -.0233 -1693 
S82.7 - .OS65 - 4 1 3 5  
581.1 - .0833 .7IILl 
518.8 -. 11b9 1.047S 
580 .4  -.lb9b 1.3b7S 
583.1 - . I 6 0 3  1.4847 
S82.3 - . I l l 8  1 . 2 b l l  
S8S.8 -. 1 9 4 3  1.2SOb 






RUN I 6  C O N F I G U I A T I O N  13  
POINT V.UT ALPHA B E T A  CNF C A F  CPM CRM cvm C Y  CHI CTSSIG c n s s i c  V T  o os CVMS C S F S  
348 58.3 0.0 0.0  .0082 -0403  .OOOO . 0 0 2 9  -so231 .0386 90.0 .OD00 .OOOOO 0.0 584.7 584.7 -.0231 .0386 
3 4 9  58.3 10-3  0-0 .0428 -0487  -0057  .0020 -.0182 .0308 90 .0  .DO00 .OOOOO 0.3 584.3 584.3 -.0182 -0308  
350 58.4 5 . 2  0 .0  .0269 .0466 .0020 - 0 0 2 3  -.0206 .0343 90.0 .0300 .OOOOO 0.0 516 .2  5 8 6 . 2  -.Om6 -0343 
3 5 1  58.3 - 1  0.0  .0081 .04II - .0002 .0028 -.0231 .0379 90.0 .OOOO .OOOOO 0.0 584.3 584.3 -.0231 -0379  
352 58.3 -4.9 0 . 0  - . a079  .0406 - .0022  . 0 0 3 4  - .0273 .M54 90 .0  . O O O O  .OOOOO 0.0 584.3 584.3 - . 0273  - 0 4 5 4  
353 58.3 -9-9 0.0 -.0257 -0417  -.0037 -0034  -.0280 .0457 90.0 .OOOO .OOOOO 0.0 585.1 585.1 - .0280 -0157  
AVERAGE T I P  SPEEO R A T I O  - .OOO AVERAGE OF ABOVE VALUES 90.0 .OOOO .OOOOO -0 584.8 584.8 
U U Y  17 C O M F I G U R I T I O N  13 
P O I N T  V.KT 4 1 ~ ~ 4  B E T A  CNF C A F  C P M  C R M  cvm CSF CHI C T S S I G  cnssic vr o o s  cms C S F S  
154  58.2 - 1  -10.0 -.0170 .0270 - 0 0 2 8  .0082 -a0226  . I689  9 0 . 0  . D O 0 0  .OOOOC 0.3 582.3 582.3 - . 0 2 2 b  - 1 6 8 9  
355 58.2 10.3 -13.0 -.0099 .0452 -0223 .0012 - - 0 2 2 0  -1978 90.0 .OOOO .OOOOO 0.0 583.1 583 .1  -.OZZO . I 9 7 8  
356 58.3 5.2 -10.0 --0229 . 0355  -0149 - 0 0 4 7  - .0171 .I714 90.0 . 0000  .00030 0 . 3  583.9 583 .9  - .0171 . I 7 4 4  
3 5 7  58.2 - 2  -13.0 -.0183 .0261 -0025 .0084 - .0231 -1708 90.0 . O O O O  .OOOOO 0.0 583.5  583 .5  - .0231 . I 7 0 8  
358 58.2 - 4 . 9  -10 .0  - . 0 2 0 3  .0215  - .0056  .OIL7 - .0343 . I 8 3 9  90.0  .0300 . O O O O O  0.0 583.1 513.1 - .03+3 . I 8 3 9  
359  58.2 -9.9 -13.0 -.0251 .0175 -.0128 .0146 - -0461 .205L 90.0 .OOOO .OOOOO 0.0 583.5 583 .5  -.0468 .2054 
4VERAGE T I P  SPEEO R 4 1 1 0  = .OOO AVERAGE 3F ABOVE VALUES 90.0 . O D 0 0  .OOOOO .O 583 .2  583 .2  
P O I N T  V I K T  A L P H 4  B E T 4  CNF CAF 
360  58.4 .2 -2J.O - .0418 -.OM9 
361 58.2 10 .3  -20.0 - .0078 - .0013 
362 58.2 5.2 - 2 0 . 0  - . 0 3 7 0  -.0056 
363 58.3 -2  -23.0 - .0419 - .0071 
364 58.3 - 4 . 9  -20 .0  -.OS18 -.OW4 
365 58 .3  -9.9 -20.0 - .0569 . O O O l  
AVERAGE T I P  SPEED R A T I O  = .JOO 
R U N  I 8  C O N F I G U I I A T I O N  I 3  
CPM CRM C Y *  CSF C H I  C T S S I G  
.OM3 .0165 -.OS66 . 4 l b 9  90.0 .OOOO 
-0092 .0073  - .0713  .SO32 90.0 .OOOO 
-0110 -0122 -.0598 -4456 90.0 .OOOO 
.0011 .0168 - . 0572  .*I89 90.0 .OOOO 
- . 0009  .0202 -.OS89 .4070 90.0 .OOOO 
-.0066 .0236 -.Ob53 . * I 8 7  90.0 .OOOO 
AVERAGE 3 F  ABOVE VALVES 90.0 .OOOO 






. 00300  
.00090 
V T  
9.0 






0 O S  CVMS C S F S  
587 .4  587 .4  - . O M 6  -4169 
5 W . 7  582.7 -.0713 -5032  
583.5 583 .5  - . O S 9 8  . U S 6  
5 8 4 . 7  584 .7  - .0572 -4119  
584 .7  584 .7  - . 0589  - 4 0 7 0  
583.9 503.9 -.ob53 .+ in7  
584.5 584.5 
RUN 19  C O N F I W R A T I O N  13 
P O I N T  V v U T  ALPHA BETA CNF CAF CPM CRM CY* CSC CHI C T S S l G  CnSSIG V T  0 OS CVUS CSFS 
366 58.2 .2 -30.0 -.Ob05 -.0715 -.DO95 .0239 -.0836 -7227 90.0 .OOOO .OOOOO 0.0 583 .5  S83.5 -.0836 .7227 
3 6 7  58 .2  10 .3  -30 .0  .0033 - . 0 7 4 8  -.0125 .0130 - . l o 3 2  .OLE3 90.0 .OOOO .OOOOO 3.3 583.5 583.5 -.IO32 - 8 2 8 3  
368 58 .3  5 - 3  -33 .0  - .a370 -.0747 -.0071 .Ole3 - .0914 -7757 90.0 .OOOO .OOOOO 0.0 584 .3  584.3 -.WLI -7751  
369 58 .3  - 2  -30 .0  - .OM5 - .0736  - .0093  . 0 2 3 9  -.On36 -7239 9 0 . 0  .COO0 .OOOJO 0.0 584.3 584 .3  -.0836 - 7 2 3 9  
370 58 .3  -4.9 - 3 0 . 0  - . O n 6 0  -.Ob99 - .0136 .0282 -.0841 -6992 90 .0  .OOOO .OOOOO 0.0 504.3 584.3 -.084l .b992 
371 58.3 -9.9 -30 .3  -.0985 -.Ob53 -.@I42 - 0 3 1 1  - .0881 .6916 90.0 -0300 .OOOOO 0.0 583.9 583.9 -.0881 .b916 
4VERAGE T I P  SPEED R A T I O  - .OOO AVERAGE 3F ABOVE VALUES 90.0 -0300 -0C330 -0 584.0 S84.0 
RUN 2 0  CONFIGURATION 14 
P O I N T  V.KT ALPHA B E T A  CNF CAF CPM CRM CY*  CSF C H I  C T S S l G  C V S S l G  V T  0 OS CVMS CSFS 
383 















C 5 0  
40 I 
402 
w n  
14.7 
14.1 
1 6 . 4  














16 .7  
14.4 
14 .4  
. I  o
-.3 .o 




- . 3  
.J 
. 3  
..I 
. l  
. I  
. I  .  
. I  
. I  
.2 
3 . 3  
10.0 
2 3 . 1  
30 .3  
45.0 
%G.O 










- t o . o  
-73  .i 
- 8 3 .  0 
- 9 3 . 3  
- .3312 
- .3657  
- .3874 
- .3870  
- .*I31 
- . 5607  
- .3450 
- . 2 4 4 8  
- . Z L O O  
- .3283 
- .3391  
- .3761 
- .4772 
- .6627  
- . 3560  
- .3742 
-.2936 
- . 3215  
- . z a 7 5  
- .>a70  
.077b 
- 0 8 0 7  
.O4bC 
- . 0210  
-.0971 
- . I 7 8 7  
-.2738 
- .0127  
- . O l T b  
- . 0 2 7 6  
-086 3 
.OB28 
. 0455  






- . 0173  
.2088 
- 2 1 6 7  
. 2044  
.I816 
.I446 
. I 1 9 2  
-1216 - 1306 
-1266 
- 1 6 2 4  
-2019 . I915 
.IO47 . I614 
-1433  






- .0034  













. 021b  
.0209 
- 0 2 1 7  
- .o 182 - . O S 4 8  
- . O l e 3  - . I618  
-0253  -.3034 
.0732  -.6706 
.0994 -.9610 




. I996  -1.1751 
- .0192 -.Ob33 
- .0220 . 01 l4  
-.Ob72 -2668 
- . I 1 8 6  .5713 
- . I331  .E327 
-.16?8 1.1402 
- . I401 1.2518 -. 1590 1.0302 
- .2023 1.0310 
- .2266 1.0218 
90.0  















































































34 .3  









37 .8  
37.8 
3 7 . 8  
37.4 

















37 .8  
37.8 




35 .8  
3 5 . 8  
-.0182 
- . 0183  




- 1 1 4 7  







- .I331 -. 1628 -. I401 
- . IS90 
-.2023 
- .22b6 
-.0448 -. I618 
- .3834 


















AVEPAGE T I P  SPEEO P A 1 1 0  = .OOO A V E R A G E  I F  ABOVE VALUES 9 0 . 0  .OOOO .OOOOO -1 36.S 3b.S 
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mlm 2 1  C o f f l G u I I 4 T I O N  I 4  









4 1 2  
41 3 
415 
4 I 6  
41 7 
4 I8  















29-0  -0 
28.9 .I 
29.1 . l  
29.1 . I  
29.0 - 2  
29.0  . I  


















- 9 0 . 0  
-.0198 









- . I 0 8 7  




- -04 71 
-.0018 
- .0311 





- . I O 6 0  
-0056 
-.0063 
- . 0 4 l l  
-.I222 -. I852 
- . 2 5 1 0  




- 0 3 1 7  
-0261 
- .0114 - - 0 3 2 9  
-.0239 




- 0 3 3 6  





















- 0 1 9 9  
.OOIZ - .0916 
-0384 - .3047 
- 0 9 2 9  -.S971 
.I196 -.89kO 
- 1 4 1 7  - 1.1553 
-1321 -1.3296 
I106 -1 . lkkO 
-1842 -1.1113 
.?.I33 - 1 . 0 9 4 9  
-.0033 - .0099 
-.0071 .0810 
-.O441 .2831 
- .IO15 -5884 
-.I124 .858k 
-. I102 1.1374 
-.I204 1.3289 











90 .0  
90.0 
90 .0  













.OOOO . 0000 
.oooo . 0000 ~ 
.oooo . 0000 












































144 .9  
143.3 
146.9  
146 .9  
146 .1  




1 4 5 . 3  
145.3 
1 4 4 . 9  
144 .9  
149 .2  
144 .9  -0012 
115.3 .038* 
1 4 5 . 3  - 0 9 2 9  
145 .1  - 1 1 9 6  
l k 4 . 9  . I 4 1 7  
143 .3  - 1 3 2 7  
146.9  -1106 
1 4 6 . 9  -1842 
146.1 -2133 
1 4 5 . 7  -.0033 
14s .3  - .0011 
144.5 - .OM1 
14k.I - . I015  
l 4 S . 3  -.LIZ4 
115.3 -.I402 
144.9  - . 1 2 8 4  
144.9 -.16S5 
249.2 --2085 
- . 0 9 7 6  
- .3047 




- 1 - 1 1 7 3  
-1 .0919 
- e 0 0 9 9  
-0870 
- 2 8 3 1  
.5881 
.8584 
1 . 1 3 1 1  
1 .3269 
1.1171 
l r O b l b  
4 V E R I G E  1 I P  SPEEO R l T l O  - .OJO 4 M R A G E  3F 480btZ V I L U E S  90.0 -0000 -00000 - 0  145.5 145.5 
RUN 22 C O N F I S U 4 T f O ( I  I 4  





















58.2  0.3  
58.1 -.o 
58.1 - . J  
59.1 - . O  
59.5 - . I  
59.1 -.I 
59.2 -.o 
59.4 - . c  
59.5 -.o 
59.4 .o 
s 9 . 3  .o 




s9 .2  -.o 
59.4 . I  
59 .3  . I  
s9 .3  . I  


















- 1 0 . 0  
-00.0 
- 9 0  .O 
- . 0232  
-.J32Z 
- . O I l b  



















. O O l l  
-.0800 












- . O l 3 9  













. 0 1 9 3  





. I 1 6 0  
-1661 . l a 2 0  
-2045 
-.0088 
- . O I L 1  
- . O I L 8  -. 0972 
- . I t s 1  
-.I548 
-. I344 -. 1679 
- . I812  
-.2063 
90.0 







































.ow00 . 00000 


















$ 8 0 . 7  


















- 003 8 
-.08 I 9  
-.2635 
-.5221 





- 1 . o I l L  
A026 
- 0 9 2 6  




















5 1 8 - 8  
585.5 
581.9 




- . l l 9 6  
-1- 1380 
-1.3364 







I - I677 
1.2192 
1.1143 




-* ob1 8 
-.Ob13 -. 0291 
.OLOO 
.01w - .0025 





-.Ok68 -. 0 9 7 2  
- . I151  -. 1548 




9 0 . 0  
9 0 . 0  
9 0 . 0  
9 0  -0 
9 0 . 0  
90 .0  
90 -  0 

















9 0 . 0  






l . 0 1 0 6  
4VERAGE T I P  SPEEO L I T 1 0  * -000 4 V E I l G E  I F  ABOVE VILUES 9 0 - 0  .OOOO .OOOOO -0 583.3 S83.3 
RUN 23 C Q N F I W R 4 l l O N  14 
C 4 F  CPM C I M  CVM CSF C U I  C l S S I G  
.0400 -0202 .0011 - .0081 -0030 90.0 .OOOO 
-0151  .0041 .0006 -.JO57 - 0 0 4 1  9 0 . 0  .OOOO 
.0452 -0103 .0009 -.0016 .0023 90.0  .OOOO 
-0405 -0201 .0011 - . 0 0 8 1  - 0 0 2 1  9 0 . 0  .OOOO 
.0320 -0418 -0016 -.OIL5 .OOS2 9 0 . 0  .OOOO 
4VERIGf J F  I B O V E  V4LUES 9 0 . 0  .OOOO 
.OWI .0306 -0017 - .a113 .0042 90.0  .oooo 
coiwr V . R ~  ~ L P H I  8 ~ r 4  CNF 
4s3 59.3 . I  -.o -.0249 
454 59.3 10.2 -.J . 0 4 I l  
* I S  s 9 . 3  5.1 -.o .OISl 
456 59-3 .I - .O -.0249 
4 5 1  S9.3 - 4 . 9  - . O  -.OS89 
458 s9 .3  -10.0 -.o -.0992 






















5 8 3 . 9  
584.3 
5 8 3 - 1  
o s  CYMS C S f S  
583.5 - .DO87 -0030 
583.5 - .0051 .OD41 
583.5 -.M)lb - 0 0 2 3  
583.9 -.0081 .0021 
5 8 3 . 9  -.OI13 -0042 
$84.3 -.OIIS .0052 
5 8 3 . 1  
Rlm 24 C O N F I G U R 4 l I O N  I 4  
CAF CPM C R M  CVN CSF C H I  C l S S l G  C H S S l G  V l  0 OS C W S  C S F S  
-0281  - 0 1 1 2  -0068 --0105 -0960 90.0 .3300 .00000 0.0 519.b 579.6 -.010S - 0 9 6 0  
.0428 -0180 .0002 -.OILS . I193  90.0 .OOOO .00030 0.0 582.3 582.3 -.OIlS -11.3 
-0342 -0166 -0031  -.0061 -12S6 90.0 .OD00 .JC030 0.0 583.1 583.1 - .0067 -1256 
-0222 -OIL1 - O L E 1  - . O Z I I  -0822 90.0 .OOOO -00093 0.3 58b.2 586.2 -.024l -0122 
.0131 -0195 -0136 - A 3 1 8  .08Sb 90.3  .OOOO .OOOOO 0.3 584.3 584.3 - .0318 -0856 
.oziz .OIOB . ~ o i i  - . o i l 3  .ow1 90.0 .oooo .OCOOO 0.0 sas.8 585.8 -.oil3 . o w l  
4VfL4GE Of  490VE V L t U E S  9 0 . 0  .OOOO .OOOOO .O 583.. 583.. 
P O I N 1  V e l 1  U P U 4  S E T 4  CNF 
459 59.1 - 2  -10.0 -.0342 
460 S9.2 10.2 -10.0 - .0078 
4bl  59.3 5.2 -10.0 - . 0265  
462 59.4 .I -10.0 -.0335 
463 5 9 - 4  -4.9 -10.0 -.OSLO 
464 S 9 - 3  -10.0 -10.0 - .0811 





P111 IT  V . K l  ALPW4 RFTA CNF 
4b‘ 5 9 . 4  .2 -?O.O -.J444 
5b6 59.4 10.2 -23.C .a520 
4 6 1  59.2 5.2 - 7 0 . G  -.3290 
b68 5 0 . 2  . I  -23.0 - . 3464  
469 59.2 -4.9 -23.i -.Ob23 
6 1 0  5 9 . 3  -1C.3 -23.C -.a906 
IVFPAGE T I P  s P F f o  e r r i n  = -030 
P C I b T  v . ~ l  L I P H P  9 F l A  CNF 
471  q9.7 - 2  -19.2 -.0000 
4 7 2  59.3 1 2 . 3  -13.0 -.PO22 
4 7 3  5 9 . 3  5 . 2  -7C.3 - . 0 3 1 1  
474 52.3 . I  -32.C -.Ob07 
4 7 5  59.3 - 5 . 3  - 3 3 . 0  - .0949 
4 7 6  59 .3  -1C.J -30.0 -.1205 
AVERASF 1 I D  SPEFR P A 1 1 3  = -000 
P i l h  ? b  rOhF1641OA1 l n N  I 4  
C A F  C D L  C Q I  r v -  c s f  c * i  C ~ S S I G  
- . 3 0 5 5  -.ilVS . e 2 6 5  - . 3 9 1 1  . 5 3 5 1  91.3  . 3 ? J 2  
-.?E67 - . > ? l b  .?let - . 1 1 5 8  .7?77 9 3 . 3  . ? C C J  
- .C911 -.Cl9e . ? ? I 4  - . I O 3 0  . b > l l  93.7 . J l ? 3  
- . ? 9 P 2  -.02JC -3260 - . . )OPl  .5V9 90.3 .OJC3 
-.3923 - . @ I 5 1  . 3 3 3 0  -.09lb .b710 9C.I .;>?’I 
-.O(ISC - . o x 5  -0363 - . P ~ ? I  -4610 99.1  . roc0 
AVEPAGf 1 F  A B N f  V A I U E S  9 0 . 0  .OO@C 
c u s s l c  
. : 3 3 3 3  . ECOOO 
.1-.05 
.a3000 
. 2 ’ J J J  . coo03 
.ocooo 
V‘ 
3 .  I 
7. - 
3 . ‘  
0.’ 




qe5 .0  
5 P 5 . B  
v 2 . q  
5 8 1 . 9  
551.5 
5112.7 
5 m . L  
O $  C V M S  C 5 F r  
585.n -.w.M . 7777 
5 P 5 . 8  -.q7;: .’.;,e 
5 R 2 . 7  - .05jA . 3 7 < 7  
511.9 - . O ’ r l l  .77hI 
5 0 1 . 5  - . ? 5 5 2  . 2 4 l l  
5 P 7 . 7  -.Oh11 . 7 3 1 2  
5 9 3 . i  
491 
4 9 2  
493 
494 
4 9 5  
496 















A V E l  
14.8 - . l  
14.5 - . l  
14.9 -.I 
15.2 - . I  






1 1 . 5  - .2 
14.5 -.2 
14.5 -.2 
1 1 . 1  -.2 
14.1 -.2 
14.7 - .2  
14.7 -.2 
14.7 -.2 
15.7 - .2  
14 .8  -.2 
IACE T I P  S P E E  
1 4 . a  - . I  




- 5 0 . 0  
-63.0 









6 0 . 0  
70.0 
00 .0  
00.0 
0 .O 






- . 3 3 1 4  
-.Ob51 
- .1216 
A133 -. 0373 
.ooeo 
-.0217 - .0395 













- . 1461  






. 0 6 0 C  
.a013 
-.OB51 -. I 5 7  1 
- .2630 
- . 0 0 5 1  




- . 0 3 1 1  
- .0141 
-.0“41 
- . 0 5 7 4  
-.0718 

















. a559  





















- .?139 . n e 4  
-.0992 1 . 0 2 0 1  
-.I 516 I .43Bb 
-.I323 1.595‘I 
-.I503 1.3549 
- . 1 9 3 5  1.2378 
- .2153 1 . 2 6 4 1  




- 1 1 3 5  -1 .1232  
. I537 -1.4369 
.1525 -1.6101 . I .¶Ob - I .  3449 
. Z O l Z  -1.3139 
.2147 -1.2929 
. O C I 3  -.0130 
: IOOVE V l L v E S  
90. J 
9 7 . ?  
90.9 
91.3 























. J ? 3 3  
.3@00 
.c300 








.O?JJ . @OOO 
.0303 
.oooo 
. I 5 0 3  
.oooo 
.3303c  
.J?OOO . J C J O O  
.J2JOO 
.03000 
















7 . :  3 f . ?  
?. . 34. 7 
3 . ’  76 .6  
5 . .  10.z 
0.‘ 76. )  
9.? 3 5 . 5  
5 . -  - 7 . :  
3.‘ 3L.2 
3 . 3  36 .6  
0.1 3b.7 
3.>  35.1 
J-. 35.1 




J . 3  75.8 
3 . 9  16.7 
. 7  1 0 . P  
r. 7 35.8 
0.1 75.0 
0. 3 3 5 . 0  
- 5 . 7  . ” ; 3 s  
2 4 . 7  - . - - 7 7  
4 6 . 6  -.--oh 
‘ 9 .2  - . ’ ? . 9  
a % . ?  -.COS? 
1 5 . n  - . 1 5 ? *  
1 5 . 5  - .I771 
‘ 7 . C  - . I 5 8 1  
3 h . ?  - . I935  
l h .  h -. 71 5 1  
I % . ?  .PI25 
75 .1  . i ) > C I  
t s . 1  . ? I C ?  
75.P .I511 
7 5 . 0  . I 5 2 5  
‘ 5 . C  . l e 0 4  
-5.R .7012 
15.P . 7 1 4 7  
7 6 . 2  . O J 1 1  
ab.) 
3 s . i  .?w4 
75.. . I I * ~  
. ? I ” ’  
. I 5 1 ’ .  
.*71? . r - n i  
1 .  - 7 - 1  
I .48#6 
, . -“ca 
I .  3 5 4 9  
1.2319 
I.>hll 
- . 3 J l 4  
- .11. .  
-.1941 
- . I467  
- 1 . 1 2 1 -  
-1.4-4c) 
- I . b I @ l  
-1.1bC9 
-1 .11-0  
-1.?970 
- . 3 1 - -  
RUN 28  C l Y F  1 C‘JR A 1  13‘1 1 2 
PO1111 V.Kl ALPHA B E T I  CNF CAF CPV CPU CVM CSF C Y 1  C T S S I G  C H S S l t  V l  0 O S  c r V %  c < F S  
514 29.8 
515  29.8 
516  29.6 
517  29.6 
518 29.6 
519  29.8 
520 29.6 
5 2 1  29.6 
522 29.6 
523 29.6 
524 29 .8  
525 29.1) 
526 29.6 











. I  
.o 
. I  
. I  
. l  
- 1  
. I  -. 0- .9 -. 0 
- .I  
- .I  
- . I  -. 0 - .O 










































-0594 -.0023 .3001 
.C304 .OW2 .a061 
. ) I29  -0014 -9130 
- .0452 - .0266 .a204 
-.I267 -.0534 .9242 
- . 2 1 0 5  - .0530 .I230 
-.3055 -.5327 . O Z 3 9  
- .038C - .0110 .0195 
-.0406 - . 0921  -0182 
- .0516 - 0 1 5 9  .a103 
.0499 - .0035 . O O O l  
.0136 .0021 - .0058 
.0161 .a029 -.0134 
- .a431 -.O221 -.0204 
--1318 - . 0580  -.0262 
-.,?IO5 - . O W 1  -.a243 
-.3044 - . 0352  -.a246 
- .05bl -.0148 -.0207 
- .OS21 -.OD90 -.0192 
- .Ob30 .016b -.0195 
.Ob95 -.a333 -.a000 
.0013 - 0 0 8 2  90.0 
- . D O 6 1  .1520 90.9 
-.0391 .*I20 90.0 
-.0774 . 7 b 8 3  90.C 
- . l W 4  1.0519 90.0 
- . I499  1.3550 90.1 
- . I 4 4 6  1.5751 90.0 
-.I781 1.2968 90.)  
- . I 9 6 5  1.262q 90.0 
-.2098 1.2755 9O.S 
.0010 - . 0 0 0 b  90.0 
.0053 - . I 2 9 0  9O.J 
.3779 -.7280 90.0 
.I141 -1.oe10 93 .0  
. I 5 2 9  -1 .3621  90.3  
.1490 -1.5215 90.0  
-179.9 -1.3030 93.3  
. I 9 0 1  -1 .2022  90.0 
.>I60 -1.2691 90.2 
.DO05 -.0034 90.0 





























.39)03 . ocooo 
.ooooo 
.ooooo 
.3330O . 00000 
.30000 . O@OOO 







0 .3  









C . 3  
3. J 





0 . 3  
0. n 





l 4 7 . a  
I55.0 
1 4 5 . 1  





145 .3  
14q.7 
1 4 7 . 1  







l C C . 9  . -  
1 4 5 . 1  
1 4 5 . 3  
141.3 
l i b . 9  
1 4 5 . 1  
1 4 5 . 1  
145 .7  
1 6 7 . 1  
146.9 
1 4 5 . 1  
1 4 5 . 1  
IL5 .1  
1 4 7 . 1  
1 4 0 . 5  
145.3 
l i i . 9  
146. I 
145.7 
. n ’ 1 3  
- . ~ w i  
- . O 1 J 1  
- . 0 1 2 4  
- . I ? b 4  -. 1499 
-.IC45 
-.1181 
- . I n 6 5  -. 2090 
.@313 





I . 767<  
1.2755 
- . l J P t  -. 1 >9R 
- . i e r i  -. 1 2 P ”  
- l . ? q ? -  
- 1 . 1 6 2 1  
- 1 . 5 7 1 %  
- I .  V 1 P  
- I .  78,. 


























































. I  
. l  
. I  




- . I  

























. O L D 9  
-.Ole9 















- . o n 9  
-.On27 
-.0923 
. 0301  







- . O S 3 1  
-.02b9, -. 0234 
- .0200 
--0036 





. 0139  
.0212 
-0251 








- .3209 - .OZbO -. 0 7 3 1  
- . 0 2 3 7  
-.0199 
- . O l 8 1  
- 0 0 0 5  
- . G O 6 2  
- . q3b?  
- . I?b43 


















9 0 . 0  
90.0 


















.30:00 . coooo 
J. : 
2 . :  
3.1 











1 .0171  
I . 3 5 b l  
1 .6512  
I .  2603 
1 . 2 4 7 0  
I . 20?5  
.07I7 
-.I304 -. 311b 
- .bel5 
-1.0009 
-1.3441 - 1. S O 3 3  





-.2:*' ..-- .OCJOO .CCCOP 
.ocn39 . C C I O C  
.OCJ03 
.C0000 







20 .0  
. .- IL 7 . 3CJ3 
.,:on 
.,Yo.-a 
.,??I . ;eo0 
-9.3 . OOCO 






































. l V l  . . 
. I V '  




AVERAGE T I P  SPEED R A T I O  - ,000 AVERAGE 'JF A O O ' H  VALUES 90.0 .OOOO .OGOO@ .? ' ,93.5 5 O ' . '  
F 
560 58-8 C . 0  
561 50.1 10.3 
563 58.9 .2 
S I 4  58.6 -4.9 . Sb5 58.8 -9.9 
566 50.8 - 2  
AVERAGE T I P  SPEED 
562 58.8 5.2 
0.0  .0081 
0 .0  .0415 
0.0 .0300 




R A T 1 0  . .OOO 
. 0 3 i n  -.OOIZ .0002 .ooo5 .OO+I 90.0 .ooo3 .ooono 0.0 502.1 5 e 7 . i  
. 0 4 i i  . 0 ~ 5 5  .OOOI -.oooo .0015 90.0 . O O O ~  .ooooo 0 . 0  513.9 5 ~ 3 . 5  
. w 5 1  .a015 .oooo .ooo+ .0024 90.3 .OOOI .ooooo 0.0 5 8 3 . 9  5133.9 
.0304  -.0010 . ' I O 0 1  -0002 -0013 90.0 .OOOO .OOOOO 0.0 504.3 5 8 4 . 3  
.336b - .0051 .0003 -.DO06 .OD45 90.0 .0300 .OOOOO 0.0 5111.5 583.5 
.03h6 - . O W 2  .0001 -.0009 -0034 90.0 .OOOO .OOOOO 0.3  583.1 583.1 
. 0 3 8 9  -.oooq .OOOI .ooo3 m i 3  90.0 .DODO .ooooo 0.0 582.7 5107.7 
AVERAGF OF A B W E  VALUES 90.0 .OOOO .OOOOO -0 583.4 583.4 
. C:.? . G C I I  
-.COP: .3"l5 
.Q334 . '132c 
.0>32 .C31' 
-.c300 .:>I5 
- .@309 -0034 
.ooc3 . c o t 1  
R u i  3 1  C O W I G U R A T I O N  12 
C O I N 1  V e l 1  ALPHA BETA CNF CAF C P M  C R M  CVDI CSF C H I  C T S S I G  CHSSIG VT 0 O S  C V * S  C 1 F S  
5 6 1  50.9 . 3  -10.0 - .OZbt  . 0 2 1 9  .0010 .OOb4 -.OM3 .1410 90.3 .OD00 .OOOOO 0.0 504.1 504.1  - .0?63 -1470 
Sb0 50 . t  10.3 -10.0 -.a142 . 0431  .0233  -.a005 - .OOS3 . I693  90.0 .OOOO .OOOOO 0.3 510.1 5 1 0 . 1  - .ODs? -1193 
SI0  58 .8  . 2  -10.0 - .02SI .021I  . O D 1 0  -0062 -.OOb1 -1536 90.0 .OOOO .OOOOO 0.0 503.5 5 8 3 - S  -.OObI - 1 6 3 5  
511 58.8 -4.8 -10.0 - . 0 2 b 4  ,0751 - .COO8 .0092 -.0149 . I S 3 0  90.0 .OD00 .OOOOO 0.0 583.9 503.9 - . @ I 4 9  -1535 
5?2 S8.8 -9.9 -10.0 -.03SI A 2 5 3  - .0562 .0111 -.021S .1b4P 90.0 .OD00 .OOOOO 0.0 503.9 5 8 3 . 9  -.0215 . Ib49  
5 1 3  S0.8 .2 -10.0 - . 0230  .0788 .0010 .0062 -.0059 .I428 90.0 .OOOO .OOOOO 0.0 513.9 583.9 -.0059 . I 1 2 0  
l V E R A G F  T I C  S P E E D  R A T I O  - .OW AVERAGF I F  A0OVE VALUES 90.0 . D O 0 0  -00000 -0 583.2 583.2 
569 58.7 5 . 3  -13 .0  - .om,  . 0 3 5 3  . o i i n  . 0 0 2 9  -.OOII .11n 90.0 .oooo .ooooo 0.3 501 .9  581.9 -.OQII . i * n  
RUN 3 2  C n W F I w I A T I O N  I 2  
P O I N T  V s K l  ALPHA B E T A  C W  CAF CPM CRM C V M  CSF C H I  C T S S l G  C H S S l G  V T  0 O S  CVMS CSFS 
514 58.8 . 3  -20.0 -.OS55 .OD02 .OW0 .0136 -.03bQ .3827 90.0 .OOOO .OOOOO 0.0 583.1 5113.1 -.01b? -31171 
51b 50.8 10.4 -20 .0  -.OlbI .OD35 .0125 .0057 - .OS81 -4039 90.0 .DO00 .OD000 0.0 582.7 S82.7 -.e581 - 4 8 3 9  
511 50.8 5.3 -20.0 - .0668 .0013 . O 1 5 9  .OO98 - .0432 .4143 90.0 .OOOO .00000 0.0 583.1 183.1 -.043? - 5 1 6 3  
518 58.8 .2 -20 .0  -.0583 - . O D 1 1  . 0 0 8 h  - 0 1 3 9  - .03b9 - 3 8 0 1  90.0 .JOOO .OOOOO 0.0 582.7  S02 .7  - so369 .3807 
S19 51.11 -4.8 -20.0 -.Ob22 - .0001 .0005 .Ol72 -.0370 .3692 90.0 .OOOO .OOOOO 0.0  5e2.7 5 8 2 . 1  - .0370 .3b97 
SO0 50.0 -9.9 -20.0 -.Ob11 .0039 - .0015 .0204 - . O k l 3  .3?52 90.0 .DO00 .00300 0 . 3  582.3 182.3 -.@413 -3752 
SEI 1n.a . z  -20.0 -.a170 -.OOOI .oon7 -0137 - . 0 3 n  .31130 90.0 .oooo .ooooo 0.0 582.7 s12.1 -.0373 . 3 ~ 3 8  
AVERAGE r i p  SPEED n i r in  - .ooo AVERAGE OF I 8WE VAlUF5  90.0 .OOOO .OOOW - 0  582.8 582.8 
nw 3 3  C 0 N F l G I W A T I f l N  12 
P O I N T  V v K l  ALPHA B E T A  CNF C A F  CPN SRM C V M  C S F  C H I  C T S S l G  C H S S 1 6  VT a OS CVMS CSFt 
S I 2  58-9  - 3  -30.0 -.0547 -.Ob47 - .0112 .0210 -.Ob41 .LE60 90.0 .OOOO . O O O W  0.0 584.1 584.1  -.Ob17 .68611 
163 50.8 10.4 -30.0 -0026 , - .Ob26 - .01h2 .0110 -.084h .711I 90.1 .DO00 .DO000 0.0  583.5 S83.5 - . O B 4 6  -1181 
584 5 0 - 9  5.3 -30.0 -.0306 -.Ob54 - .Ol29  - 0 l b l  - .0126 .1380  90.0 .OOOO .OOOOO 0.0 514.3 S81.3 -.0726 .7110 
SO5 50.9 - 2  -30.0 -so541 -.3b60 - .0115 . O Z I I  -.Ob51 .b878 90.3 .OOOO .30000 0.0 585.0 585.0 -.Ob11 .b818 
58b 58.9 -5.9 -30 .0  -e0915 --Ob31 -.0110 - 1 2 5 3  -.Ob30 .bW3 90.0 .OOOO .OOOOO 0.0 581.1 S 8 4 . 1  -.Ob39 .b59I 
381 5 0 - 8  -9.9 -30.0 - .1118 -e0519 -mol36 - 9 2 8 0  -.Ob50 .h+39 90.3 .OOOO .OOOOO 0.0 513.1 583.1 - . 0 6 S O  a b 4 3 9  
SO8 50.9 - 3  -30.0 - . O S 1 9  -.Ob54 -.01bb . J 2 I C  -.Ob*9 . 6013  90.0 .OOOO .OOOOO 0.0 584.3 586.3 -.0649 .bo13 
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621  15.9 
6 2 2  W.9 
623 14.9 
624 14.9 
6 2 5  14.5 
626 16.9 
6 2 7  15.7 
620 15.6 
629  15.4 
630  15.4 
6 3 1  15.0 
6 3 2  1C.0 
6 3 3  14.6 
6 3 4  14.7 
6 3 5  14.9 













. I  
. I  
. I  
. I  










. I239  
- .zoo7 
-.3506 
- . 4 7 4 0  
- .6700 








- . 0304  






.a517 . I I49  
-1633 
.1293 
.OS05 -. 0570 
-..?IO5 
- .?e00  
-.391C - .4450 
-0407 - . 010Z  - .2623 -.0507 40.9 .a556 .OD203 171.1 3b.7 271.. - . 0 3 6 7  - . 0 0 h 7  
.OB20 -.0430 - . I 7 2 0  -.6401 39.9 .a556 .J(1212 177.9 14.7 7 7 1 . 5  - .0 '20  - .On15  
.I337 -.Ob34 -0414 -1.2661 60.7 .0556 .00200 177 .q  30.7 2 7 3 . 7  . O q 5 5  -.I677 
.Lo l l  - .0701 - 2 1 3 3  -2.0045 40.8 .a555 .03200 177.1 lb .?  277.9 . O Z R 1  - . 7 h h 2  
. I108  - . O R 6 0  -3022 -2.11242 40 .7  .0553 .00191 177.8 35.1) 2 7 1 . 9  - . 3 7 7 3  
.0996 -.a046 .5331 -3.4515 b0.9 .OS52 .DO100 117.9 15.0 2 7 1 . 7  .??:I - . 4 5 T 7  
.Ob50 -.0910 -0309 -5.3774 41.1 .0548 .00150 170.2 35.5 773 .1  .I391 -.57&6 
-0503 -.0946 -9572 -5.0557 40.5 -0547 -03120 178.7 13.9 7hR.2 .I700 - .15113 
- . 0200  -.0875 .9710 -4.0027 41.5 .OS53 -00119 170.3 35.5 271.2 . 1 > 6 9  - . b ? l *  
.0433 -.317L -.2159 -.1361 42.2 -0561 .00215 178.1 19.4 779.4 -.G1*5 - .-ISn 
.0350 -0156 -.3217 -5901 12.2 .0559 -0C215 1 7 8 . 0  19.5 277.11 -.ObCn .'I015 
- . D O 0 1  .3472 -.4151 1.2124 42.1 .a557 . 00200  1 1 1 . 0  30.2 -75.7 - . " 5 7 5  .I689 
-.0103 .0719 - . 4 6 7 2  1.8189 42.2 .a556 .0021b I77.d 30.2 775.1 -.Oh49 .1575 
.C301 -0965 -.53Lb 2 .6008  41 .5  .05%3 .00231 177.a 3 6 . 2  272.0 - .C701)  . 3 4 6 h  
. O W 3  . I 1 3 1  -.5370 3.4530 41.1 -0551 .00240 177.R 35.1 270.2 -.Oh01 . l e+& '?  
. I 4 5 7  . I 7 5 9  -.b247 4.2550 40.9 .OS51 .30272 I77.C 3 4 . 3  2h11.2 -.1797 . 5 5 7 1  
.I237 .I304 - .72+5 4.8211 11.3 - 0 5 5 3  .00291 177.3 34.7 769.2 - . @ 9 3 7  .47Qn 
- 1 3 3 5  .I277 - .TI99 5.0738 4 2 . 0  .1)55I .Y1307 177.7 35.5 269.0 - . C 9 4 9  .hb*? 
.on78 -.oe.bC .701i -3.9875 4o.n .05sz .oo171 1 7 7 . ~  35.5 27n.0 . o w 9  - . 5 ? ~ -  




















SPFE 0 R A T I O  
I IJN 35 C O N F I G U ~ I T I O N  32 
POINT W.UT ALPHA B E T A  CNF C I F  CPM rwm C Y W  CSF CHI rrsstc russ i t  v i  o o s  r w c  r v q  
638 
6 3 9  
640 
64 1 
6 5 2  
6 4 3  
bC4 






























A G E  T I P  
.O 
0.0 
- .O  
-.O - .o -. 0 
- .O -. J - -0 
-.o 
.o 
. o  
.O 
. I  
. I  
. I  
. I  















-30 .0  
-40 .o 
- 5 0 . 0  
-60.0 
-70.0 
) R A T l f l  
.OB12 












- .0974 -. 5952 
-.9400 
-.6971 
= - 0 7 3  
. I l S l  








. I 1 2 6  












. 0 0 V  
.0571 
.0463 




. 0300  
.0393 
.0127 















- 0 3 6 3  
-0530 








. 2 1 1 4  -1. I1)03 
.3208 - I  -5714 
-2973 -1.7791 
.35Ob -2.2055 
.4362 - 2.576b 
- 5 2 6 9  -2 .4043  
-4422 -2.3513 
-.I216 . o I 4 8  
- .I602 .3163 
-.2170 .690l 
-.742 I I .Ob04 
-.2535 1.4-64 
-.2951 I -1124h -. 4219 2.3415 
-.+?+I 2.7508 





















+ 0630  
.Jh30 
- 0 6 3 0  
.1635 


































1 7 0 . 4  


































374.1 -. 0-1 9 
171.9 -.CI11 
377.3 . G I 6 6  
370. '  .?SO? 
3 7 5 . 4  .C90? 
3 1 5 . h  . O m 1 1  
173.7 .a905 
3h9.9 . I 4 4 8  
369.6 . 1 7 V  
3CI.9 -.P3%7 
a P O . 7  -.O*bn 
377.1 - .Oh70 
174.5 -.0712 
171.9 - .e921 
108.8  -.(I13 
374.1 
771.3 . I I P I  
379.4 - .mi0 
3 7 1 . 4  - . t i n 5  
. >1'.7 
- . 917c  -. 1915 
- . l l h l  
- . 4 3 1 9  
- . b 9 h 7  
- .ho t5  -. 6875 
-.*kc$ 
- .&no9  
..?I24 
. P I  7 
.1957 
.?9hB 
RUU 36 C W F I G U I I T 1 3 N  17  
CPM CRM C V M  CSF CUI : T S S l G  PO1 N1 











6 6 9  
670 
671 
6 7 2  
6 7 3  











35.0 .5  





35.1 . I  
34.9 .l 
34.0 .I 
34.7 . I  
35.5 .3 
34.6 . I  
3C.8 - 1  
I A G E  T I P  S P E C  
B F T A  CNF 
- 0  .a925 
10.0 .on50 
20.0 .0319 
30.0 - .a972 
40.0 -.2723 
50.0 - .2942 




0.0 .D9ll  
-10.0 .O817 






-80 .0  - .2913 
D R A T I O  = .LOP 
C I F  
.0756 
. 0 4 6 5  
-.$a23 


















- . o w 0  
- A 3 9 6  







-.0299 -. 0446 




- - 0 3 6 5  
-.5cc=. 
.9 IS5 
- 0 2 1 6  
.0373 
- 0 1 0 5  
- 3 6 2 6  
.3549 
C40l 
. a501  
-.0400 
- .Ole3  
.Ob60 



















- . E 9 4 1  
- I .  1754 
-1.11?2 
-1.6041 - 1.S85.Y 









I .  6401 
69.2 
















15 .  L 
10.6 
.Oh96 




- 3 b 9 1  
.Y607 . 06116 
.37CI 
- 3 6 9 5  
.?bo9 . 'Me2  
.3579  











































































k P 7 . 1  
485.6 
C I C . 9  
4Oh.O 
5 c i . a  
4 m . 7  
- . O I I ?  
- . ' JQl l  
-.?ab* 
- . 1 5 5 1  -. 5 6 1 1  
- .55?1 
-.b1157 
- . A 2 9 1  -. 5675 
- .5647 
- . ' ) I 4 3  
. W T >  
.1981 
.114* 
. 4 2 8 1  
.5?"T . hl25 
. 6 5 5 7  









- .057t  
- .I627 
-.2081 
4 V E R I G E  7 F  I 8 O V F  V A l  WS 69.0 .3609 .00560 179.5 197.2 416.9 
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C 9 Y F I G I I R A T I O N  3 2  R U i  3 1  






6 8 4  
6 8 5  
686 























4 k . 9  
44 .8  
54 .9  
44 .8  
44. 8 
45 .0  
IAGF T I  
.o 
- .o -. 0 
- .o -. 1
- . I  
-.O - .O -. 0 
3.0 
.o 
. I  
. I  
. I  
. I  
. I  





















I n u i n  
-0057 
.Ob56 
- . 0041  
- . 1127  




- . I585  














- . 2 C 5 8  
-.2340 
- . 0 3 3 4  




. 032  3 
- .0869 
- . I 7 7 7  
- . 2 4 5 9  
- . 26P6  






- 0 1 2 3  
. 0200  
.OI25 
. 0216  
.0414 




- .Oi l5  
-.0335 
- .Ob09 




- . 0241  - .0364 
- .0366  
- .0370 






- 0 3 0 3  
- 0 3 R l  . OC10 . 0409 
.03CO 
LVERAGF 1f 
-.OLE7 - .0269 
-.0072 -. 1975 
. 0421  - .4577 
.IC91 -.7652 
.I679 -1.0045 
. I 9 6 6  - 1 . 7 6 2 6  
-222h -1 .3828  
.2159 - 1 . 2 7 3 9  
.7441 -1 .2938  
.2571 -1.2769 
- .Dl75 - . 0 3 1 3  
- .0538 . I 5 1 7  
- .a953 .kO4? 
- . 1 3 0 4  .6753 
- . I 6 3 1  - 9 4 1 2  
-.I960 1.1681 
- .2039 1.3996 -. 1902 1.4456 


































.PI37  . O72R 





. 30895  
. O @ P 9 1  
.30876 






















1 8 0 . 2  
180. /I 
I80.4 
1 8 0 . 4  






'27.1 6 5 4 . 1  - . C T 9 4  - . 9 1 3 5  
731.9 6.6n.C -.C33h -.S99- 
7 3 @ . 4  659.7 .0711 - . ? 2 0 7  
q?h .b  653.5 . C 5 4 h  -.lR?T 
' 2 5 . 8  hT7.9 . O R 3 R  - . - 9 1 7  
7 2 3 . 1  647.9 . ? s a l  -.h79C 
? Z C . 3  C L 1 . I .  . 1 1 3 S  - . h 5 * 4  
3 1 P . e  h41.7 . I 1 7 7  - . h ' 7 P  
3 l R . R  6 4 1 . 1  . I216 - . b4? '  
318.3 6 4 4 . 9  .I773 - .h3?I  
210.1 bb'b.7 - . D O 8 9  - . ? I c e  
327.0 h56.1 - . 0 7 h l  .?04ro 
321 .5  6 4 3 . 7  -.Oh5? . S 7 1  
3 2 3 . 9  6k7.7 -.?921 .4779 
3 2 2 . 7  6 3 7 . R  - . ' ; o s ?  . 5 q l '  
'21.9 5 2 4 . 0  .71*'  
3 7 5 . 1  C3h.l -.JOl; .73P* 
3 7 4 . 6  647.7 
123 .5  6 6 9 . 5  - . n 4 ~  . ? C I I  
RUN 38 T r l l l F I G I J R I I T  I O N  17 
POINT VaKT ALPHA BFTA CNF CAF C P r  CRM C V M  CSF C H I  f T S S l C  C H S S l t  V T  0 1% r y r s  ~ S F S  
738 
1 3 9  
150 
74 1 








1 5 0  
75 1 
75 2 
1 5 3  
1 5 5  
155 
? S . l  0.J 
7 0 . 0  -.O 
19.8 -.o 






20 .5  0 . 0  
20.3 .o 
70 .0  .O 
19.8 . I  
20.2 . I  
20.1 . I  
1 0 . 3  . I  























- . 5 1 2 3  
-.be1 4 
-.7570 
- . 7 2 8 4  
- .2539 
-.7376 








. I 3 1 4  
-0856 
.on90 
- 3 3 1 1  
-.OS88 
- . I 9 6 9  
- .3715 
.I400 . 1445  
- 0 S P 6  
.I21 L . I 446 
. I 6 0 6  
- 1 3 2 6  
-0535 -. 0665 
- . 2 2 3 1  
- .*Ob1 






. 0 4 3 8  
.Ob?5 
.I289 
. I 2 3 9  










- . O S 0 1  















- . I 2 7 9  - . 0 4 3 0  
-.0543 -.4935 
.0769 -.9968 




.6547 -3 .1625  
.6508 - 3 . 2 4 5 9  
-5951 -3.ionb 































- 0 5 7 5  
.0574 
- 0 5 6 9  











. 3c351  
.00358 
.3c373 . 00 3 70 
.33365 














178 .1  
178.3 































207.3 - . r 2 5 7  
309 .7  - . 0 l l '  
703.2 . ? I 5 0  
3 l h . 7  .0546 




3C7.0 . 1 ? 3 7  
309.1 - . 0 4 1 4  
l d h . 4  -.0577 
3 C 3 . 1  -.Cb3* 
337.7 -.0773 
335.6 - . Y 8 3 0  
304.2 - . 0 1 5 6  
1 t 3 . C  -.IS95 
711.0 ."e57 









- . 6741  
-.on15 
- .CCh? 
.W' l  
.197- 
.797'  









1 6 7  30.1 
168 30.2 
769 30.1 
I l l  30.1 
712 30.2 
773 32.1 
















. I  
. I  















0 R A T I O  
.IC72 
. L O O *  
. O L I O  
- .2153 
- . 3 3 1 8  
- . % I 8  -. 31 I 1  
-.281 7 
.I292 
. I 3 1 3  . I 2 5 5  
.086b 
.OOlI 
- . 3 l l I  
= -087  
.on72 
.9539 




- .? I17  
- . 2 6 6 5  





. ?5r7  
.O33b 
.04L5 
.052b . Ob9 I 
. O 3 b *  













- . 0 4 9 h  
-.0572 
- . 0 5 I 8  
-.0595 - .OW7 
-.0011 
-0 161 





-.0751 - . O X 1  




. 3 b 1 6  -1.87?3 
.39911 - 1.9725 
-.Ob52 - .Ol Ib  
- . I350  . 2 7 9 6  
-.I787 .5b15 
-.ZOLL . E 4 9 9  
- .?I55 I.Lb71 
- . 2 9 4 9  1.5053 
.7683 - I  . 2 ~ 7  
: ABnVE V A l U F S  
b 5 . 2  
b5.S 
65.h 
6 5 . 5  
65.h 





h5 .8  






. M I 7  
.0637 
- 3 6 3 9  . Oh3R 
.It. 3 4  
.Ob33 
. @ 1 3 b  
. 3 6 3 4  
.Ob 35 . O b 3 3  
-3028 
- 0 6 3 0  
. ib35 
. C C 5 6 8  
-33590 
.OObJl 
. 0@605  
. O O b O I  























I? ) .% 
178.) 
152.9 





145 .1  
143.7 
145.9 
1 4 5 . 1  
145.7 




4 1 1 . )  -.?'h; 
G I 5 . Q  - . 0121  
414.9 . C 1 4 2  
512.5 . - 5 4 5  
511.5 . 1 P C I .  
4 1 4 . 2  . rb72  
417." . I 2 6 5  
4 1 7 . 1  . 1 7 9 k  
4 1 4 . 6  -.?4e* 
414.9 - . 3 h ? I  
4 1 4 . 6  - . ? - 7  
513 ."  - . - I56  
k11.7 - . I 9 4 9  
417.2 - . r 7 7 7  






R l n  41  C ~ N F I G U 4 l I O N  72  
POINT V.KT 4 ~ ~ 1 4 4  a n 4  CNF CAF CPM CRM CVM c v  cni CTSSIG CHSSIG v i  o os rvmx CSFS 
814 30.3 . l  -20.0 .0416 -0875 .0091 -0310 - - I806  -5697 6 5 . 3  - 0 5 6 6  .00494 191.6 146.5 424.5 -.0623 .I1197 
815 3C.4 5.1 -20.0 - 0 5 8 4  - 0 5 9 7  - 0 0 5 7  -0287 - .I682 ,4041 67.4 . 0 5 9 l  +00504 194.5 141.3 446.5 -.055F .I590 
816 30.5 .O -20.0 -0109 .OB56 -0099 -0307 - - I 7 7 9  -5665 65.6 - 0 5 6 5  . 0 0 4 8 7  1 9 l . h  14R.1 C75.4 -.Oh19 . I 9 0 7  
817 30.5 -5.0 -20.0 -.0402 .0907 .0180 -0306 - . I 7 0 5  ab308 68.7 -0533 .J0459 100.8 148.5 kC6.4 - .C673 . 2 3 7 0  
819 30.7 -10.0 -20.0 - . I256  .a950 -0153 -0306 - . I591  -6412 1 0 . 7  -0692 .00426 190.9 149.6 3119.6 -.3011 . 7 4 W  
4VER4GF T I P  SPEED It4110 * .On2 4VFR4GF YF 4llOVF V 4 l l J f S  66.4 . O S 4 9  - 9 0 4 7 4  191.9 l b 1 . 0  418.5 ? 
RUN 42 C O N F I C * l R 4 T l O N  37 
POINT V.KT A L P H ~   BET^ CNF CLF CPM CRU C V M  rsF CHI c i s s i c  C ~ S I G  v i  o 3 s  rv-1 r . v q  
(I21 30.1 -.O 20.0 -0227 -0257  -0616 -a0366 -0299 -a5912 64.5 -9569 .JO449 193.6 144.5 4 7 9 . 9  . O l t @  - - 1 9 P l l  
822 35.2 5 . 0  20.0 .Ob66 - 0 1 1 7  -0514 -.0291 -0376 -.SI19 62.2 .0591 .00466 194.5 145.3  4 S 5 . 4  .e173 -.I597 
823 30.2 - .O 20.0 .0236 - 0 2 1 7  -0597 -so360  a0257 -.5OIC 6 5 . 0  . 0 5 6 7  .00451 192.5 145 .3  426.5 . C 1 1 R  - . l * ? 7  
824 30.3 -5.0 2O.C -.I830 - 0 1 2 3  -0643 - so360 -0312 -.bRSI 6 7 . 6  - 0 5 3 5  .2042l 191.1) 145 .7  4 0 0 . 9  -0137 - .?a44  
825 30.3 -9.9 20.0 -.262(I -0211 - 0 5 3 8  - e 0 3 9 6  - 0 4 3 9  -.TI91 69.9 A 4 9 8  - 3 0 3 9 3  192.3  1 4 5 . 7  191.1 .Ol61  - . 2 6 7 2  
l V E R 4 G E  T I P  SPFEO It4110 I .081 4VERAGF 3 F  ABOVE V 4 L W S  6 5 . 8  . 0 5 5 2  .00436 193.C 145.3 521.1 
RUN 43 C O N F I G I I R I T 1 3 N  7 1  




























15.3 - . D  
15.3 -.o 
15.2 -.o 




15.6 - 1  
15-6 - 1  
15.6 .I 
15.5 -1 
15.3 . I  
15.2 - 1  
15.1 .2 
l4GE T I P  SPEE 




















0 I 4 T I O  
- . I 4 7 0  
- . 4 3 5 5  












- .2547 - .Ob06 
-.I365 - 2225 
-2576 - -041 
-1373 
.On95 
- . O M 3  
- .0574 
- . l o l l  
- . I 6 7 2  
- 0 5 3 8  
-2544 
1051 . 0 790 
- 1 3 1 6  
-1996 
. I 7 1 9  
.I251 
- 0 1 6 3  
-.1371 -. 2263 
-.2550 












. O Z 2 9  
-0003 -. 0 4 7 8  
-.OS21 
-.OZ94 
- - 0 8 8 5  
-.Ob84 




















i v E a i t E  3 
-.2416 -.1119 
-.2257 -.bo14 
- .I194 -1.0785 








- .2772 .4814 
- 2 8 3 6  1.92II 
- . 2 7 3 4  1.5491 
- 2 6 0 3  2.1390 
-.2809 2.8688 
- .3343 3.4811 
-.*I01 3.9596 
- .k561  4.3151 
- .4789 4.2380 






















.a405 . 0 4 9 5  
.0494 
.w92 





.0491 . W96 
-0496 
.0495 
. 0 4 9 4  
.w93 
. o w 4  
.P494 








-00211 191.9  
.00169 131.0 
.JOI39 191.9 
.00110 191.8  
.00262 191.5 
.00262 191.5  
.00?61 191.5 
. o o z e  191.5 
.OD261 191.1 
.OO?bO 191.3 





.20192 i 9 i . n  
-5.n 776.6  - . -a15 - , c z 7 1  
36.7 271.7 -.?I59 - . I 4 9 1  
36.2 2 7 4 . 1  -.029* -.CW% 
36.6  773 .9  .013Z - . 2 3 2 l  
3b.h 277 .1  .P19C -.?I14 
36.6 217.n .OW6 - .>OR% 
36.2 771.C .FSbq - . b b l '  
36.2 270.5 .0770 -.SOOR 
35.9 769.1 .08?9 - . 4 b 5 9  
3 4 - 7  757 .4  , 3 W 3  - .5491 
3 7 . 8  ?75.7 - .D37b - . @ I 1 3  
37.8 275.1 -.031)1 .Obb7 
37.8 274 .9  - . C 3 9 0  . 1415 
37.8 2 7 7 . 9  - . @ 1 7 7  .?9&4 
37.4  271 .3  -,0461 .&a17 
36 .7  2bO.l) - a 0 5 5 1  .5170 
35.8 2 6 7 . 9  -."$IO .'io56 
3q.5 261.5 -.Ob35 -5611 
36.7 771.9 
37.11 n t . 5  - .ox77 .711.1 
31.c Z ~ I . =  -.ow1 .39*9 
R l n  46 C f l M I G U R 4 7 1 0 N  31 





















20.7  .O 
20.7 0.0 
20.7 -.O 
20.7  -.O 
20.7 -.O 
20.7 -.O 




20-7  .O 
2 0 - 7  -0 
ZJ.1 . I  
20-7  - 1  
20.7 . I  
20.6 . I  
20.6 .I  
20.4 .I  
20.4 - 1  













-20 .o - 30.0 
-0.0 
-50 .0  
-60.0 
-70.0 
d 0 . O  
-90.0 
-0936 
.0298 -. 2097 
-.2629 - -2562 
-.3838 - - 3 7 9 6  - 1024 - -0676 





- . l I22 .  -. I 8 1 1  
-.3837 - .MOO 
-A606 
-.2140 
- 1 4 1 7  
-1049 
-1256 




- 2 0 0 7  
- 1 6 7 7  
-0752 
-1390 
- 1 7 9 9  
. I771  
- 1 1 6 9  
-041 9 
-.Ob10 
- . I882  -. 35Cb 
- .5365 
-.554(I 
~ 0 3 2 2  
-0552 












. O M 1  -. 0 1 7 0  
-.0249 
- .OIL 6 
- .0115 
. 0 4 7 4  
- . 0 1 1 9  
-e0250 
- . 0 3 1 1  
-.0387 
- . 0 4 5 2  
-.0486 -. 0512 
- . O W 6  -. 0423 
-.0423 




. O H 5  
- 0 6 5 0  
-0696 
-0713 
.Ob77 - 0608 










- . I 3 3 3  
-.I191 
- . I167  
- . I193  
- . 1 z e 1  
- . I385  -. 1836 
- .2258 
- .ZIP8  
- .2059 


















5 1 . 4  
-1-6 







5 1 . 9  
51 .5  
51 -5 
5 1 . 7  
51 .7  
51.9 
5 1 . 9  




. 3531  
.e528 
. 0 5 2 7  
-0526 
. m 2 7  
- 0 5 2 3  
.O520 
. 0 5 1 8  
.OS16 
-0529 
.M30 . OSZI  
.0927 

































































119.6 - .C279 -.'3O18 
311.7 -.flPl -.07'7 
1 1 6 . 7  -.016P -.I491 
315.8 .OlZt -.2E37 
314.9 ."191 - .3685 
315.7 -0497 -.551)7 
V7.6  .CSlh -.52W 
'11.0 . O R 1 7  -.5bIII 
3D7.2 . O W N  -.5UCS 
316.6 - .0749 .Oh7', 
115.1 -.O7b5 .I553 
aIS.11 -.0761 . 3 4 7 b  
316.5 - . C ? l q  . 4 6 3 7  
31S.q -.OW> .5593 
111.5 - .OS66 .h311 
317.0 - . O b S b  .b7ha 
3 1 1 . 5  -.?414 .6074 
710.1 .r)m - . v w i  
- 1 4 . 7  - . n m  - . w i ?  
716.11 - . o w 9  . ?*I*  
AVtR4GE T I P  SPEED R A T I O  - 0 5 5  4VFRACE n F  IBOW V4lUES 5 1 - 9  .05?5 -0CZb6 190.9 65.5 314.6 
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9 3 9  
910 
911 











V I N l  ALPHA 
25.5 .o 
25.6 -0  
25.b - . O  
25.6 --0 
75.6  -.O 
25.5 -.o 
75.3 -.o 
25 .2  -.o 
25.8 -.o 
26.1 -0  
7 6 . 0  .O 
26 .0  - 0  
26 .0  -0  
25.1 * I  
25.? . I  
25 .2  .I 
25.6 . I  
25.6 - 1  
75.6 . I  
25.6 . 1  
.o 
10 .o 





10 .0  








-60 .0  
-70.0 
- 0 0 . 0  
-90.0 
C NF 
. l i o n  
.On13 
- . I 4 9 6  
-.3632 
-.3734 -. 3896 
- . 3 b I l  
-.2100 




. o m 8  
.0026 
- .Ob20 
- .5761  
- . I 4 1 7  
- .b217 
-.5529 
- . 4118  
R U N  45 
C A F  CPL cnp 
.I242 .0361 - .0084 
.0080 .0542 - .0206 
.LO20 .Ole6 -.0271 
.OB57 -0177 -.0337 
.0351 -0151 - .0500 
-.0251 -.@422 - .OS54 
-.2033 - . O B 6 5  -.9477 
- . @ I 3 6  - . 0 2 2 6  -.0409 
.OOLb . O b 5 0  - .0417 
- . 0008  .On19 -.0415 
. I 1 6 1  . O W 1  - . O W 9  
. I 2 0 5  .0279 .0031 
.I121 .0211 .3154 
.0929 -0163 . 0294  
. 0 3 2 0  - 0 3 9 9  .O4b6 
- . 0017  .0153 .0543 
- . I 7 3 3  . O B 4 5  .0595 
-.=#on4 - . 0 5 7 0  .c553 
-.5004 - . O I L 9  .Ob00 
-.3308 . 0 2 3 1  .05w 
U l N F l W O A T l T i  ? I  
C Y M  CSF CHI r r s s i t  
-.0891 -.Ol24 50.5 -0559 
- . O n 6 2  - .?4?7 5'1.7 -0558 
-.0594 -.5373 58.9 -0556 
.0380 -.8884 58.9 -0560 
.I154 -1.2556 59.3 -0558 
- 1 3 3 4  -1.0899 59.1 -0552 
-2607 - 2 . 0 2 1 8  59.2 - 9 5 4 7  
.2001 -2.1168 60 .4  - 0 5 4 8  
.7520 -2.0541 61.0 -0553 
- .0790 -.0215 59.4 -0561 
-.0599 .I928 59.h .055R 
-.OS58 .4626 59 .7  -0556 
-.0512 .7976 59.5 -0552 
-.06@1 1.2269 59.0  0 0 5 4 8  
-.Ob27 1.5565 59.? -0551 
- . I 6 2 6  2.0150 6 0 . 0  e9553 
- . I T 1 7  2.1556 60.2 .@551 
-.I150 2.4619 6 0 . 4  - 0 5 5 1  
-.I552 2 .2279  00.7 . O S 4 9  







. 00375  




. O C 3 0 9  
. 3 C 3 7 8  
. 0 0 3 6 2  
.0035b 
.O0358  








191. '  I C I . 6  
1 9 C . q  101.6 
19.3.9 I C 1 . 7  
LS0.Q 1 7 c . 4  
191. )  9 9 . 3  
191 .7  90.5 
191.1 103.2 
l O ' J . 9  I"5 .9  




1 9 Q . 7  08.5 
192.4 101.6 
190.9 101.6 
l V l . *  101.0 
111.1 1 O l . h  
i w . 0  9 e . i  
) \  r v * (  
3 6 9 . 1  - . C 7 4 3  
1 6 9 . 1  - . ? ' 3 7  
361.0 -.Olh5 
767.7 - 0 1 2 6  
7 h h . 2  . P I 1 0  
363.9 .7376 
761 .6  . - > f f  
3 6 4 . C  . ? P I 7  
16R.7  . 0 7 ? %  
' 7 1 . 4  - .0169 
37C.0 - . 3 1 5 C  
3 6 5 . 0  -.?IO> 
' 5 9 . 4  -.PI77 
7 5 1 . 1  .a"? 
277 .5  -.r774 
3 5 9 . 2  -.<I64 
3 6 7 . 1  -.n455 
1 6 7 . n  - . n & n i  
3h3.b -.04119 
3 6 7 . 0  -.041< 
1; 
a 
A V E Y A G F  T I P  SPFFD PATIO - .Ob9 AVFRAGC 1 F  AROVF VALUFS 59 .5  - 0 5 5 4  .5(1308 191.1 131.7  '455.1 
F 
938 30.9 .O 
939 31.0 -.O 
940 3>.1 -.o 
9 4 1  30.1 -.O 
942  30.5 .? 
9 4 3  30.4 . I  
944 30.b .O 
965 30.6 -.O 
946  30.b -.O 
941 30.5 -.O 
840 30.0 .O 
959 30 .1  .O 
950 30.5 . I  
951 30.5 . I  
9 5 2  3J.k . I  
953  30.5 .I 
954 30.4 . I  
9 5 5  30.5 . I  
956 3 0 . 6  . I  
- .o 
10.0 
20  .o 
30.0 
40 .0  
50.0 
6 0 . 0  
10.0 
0 0 . 0  
90.0 
-.O - 10.0 
-23.0 
- 3 0 . 0  
40.0 
- 5 0 . 0  
-60.0 
- T O . O  





- . 3 0 1 8  
-.3518 
-.3293 
- . 23Tb  
- .2829 
-.4595 
.LO33 . c729 
.0182 
-.024b 
- . I102  -. 4bb7 
-.5878 
-.5159 
- . I 8 5 1  
.0012 
. O S 5 6  
.0145 
.0?20 
.0005 -. 0534 
- . I 6 5 7  
- . 2 3 9 3  
-.0293 
. 0 R 1 T  
. 07bT  
.Ob05 
. O W 1  
- .0065 







. 0 6 3 1  
.0710 
. C Z I 3  






. @ 2 3 0  
.0191 . 0202 
.OC57 
.OR55 






- .0312 - .03+6 











- 0 5 0 7  
-0483 
- . 0 3 0 7  -.069(1 
-.O312 -.2455 
-.0330 - .4740 
.01(18 -.7342 
.0514 -.9739 
.Ob32 - I  . I h O I  
. I 1 1 3  - 1 . 4 8 7 5  
.I503 -1.6970 
. 2026  -1.4753 




- .0462 .S998 
- . 0315  - 8 0 2 9  
-.Or71 I. I P B l  
- . I 5 7 6  1.6335 
-.I249 1.7007 





6 4 . 9  
6 4 . 9  















. 0 5 0 h  
- 0 5 8 1  
. O 5 R 8  





























































147 .3  
146 .5  
144 .o  
144.5 
143 .1  
144 .9 
1 4 3 . 7  
144.9 
145.7 
417 .7  -.nine 
4 3 1 . 9  -.?I79 
4 2 5 . 7  - . P l l A  
476 .8  .C'*4 
475.0 . @ l a 5  
671.9 . ? ? I 4  
476.C .C4CT 
L75.9 .n"14  
4 2 3 . 8  .Oh96 
4 2 3 . 9  . " ? % 9  
4 3 1 . 4  -.PI17 
479.7 - . D ' ) 9 1  
42G.b -.@007 
427.3  - . P I 5 1  
419.8 -."76P 
4 1 a . 4  - .C '4 l  
47n.V -. 041:  
4 7 3 . *  - . @ & I 4  
419 .9  - . P ~ Z P  
A V F R A C F  r i p  w r E n  arrin - .on2 AVFRAGF 3 F  AROVF V A I U F S  65.4 .05111 .1)0454 191.m 145.6 474.9 
R I N  4 7  C n f f i G u a i T i n q  11 
POINT W.UI a iPnA M C T A  CNF C A F  CPM CRM C V L  CSF CMI rissir. CHSSIG V T  o o ?  r v U 5  r.scc 
959 30.1 -0 0 . 0  .I106 ,0850 .034L - -OCbl  - . O W 7  - * O b 2 0  b4.6 .C586 .00503 193.1 146.1 431.4 - . ? I 1 1  -.021q 
960 30.6 5.0 0.0 .I342 -0158 .0260 -.0035 -.OI32 -so504 61.8 .Oh06 .no531 195.1 145.7 447 .7  - .Or43 - . C l h C  
961 30.6 -.O 3.0  .IO51 .0040 -0352 -.OObO -.0311 -.Ob55 64.9 -0517 .00516 l 9 1 . G  145.1 426.3 - .01?6 -.J?'4 
9 6 2  30.7 -5.1 0 . 0  -.OI56 - 0 7 0 1  -0359 -.OObO -.0490 -so095 67 .1  . V 4 9  .00480 190.6. 146.1 436.7 -.>I16 - . ? 3 7 9  
863 3 0 . 1  -10.1 0.0 -.0513 -0106 .O??O -.0074 - .Ob05 - . O R 0 1  10 .0  .@5l0 .00432 192.1 146 .5  3 9 7 . 2  -.072h - . ? l , V  






CON 49 C O N F l t l P A T I O ' 4  3 1  
P n i w  V,NI A L P H A  0 6 1 1  CNF C L F  r p m  C U M  C V M  C S F  C H I  r r s s i t  CVSSIG V T  o os rvus r s F $  
9 1 3  10.5 - . O  20 .0  -.Or39 . C O P 2  .Ob80 - . 0 2 1 4  - .0310 -.4792 6 4 . 1  . O 5 8 C  .OC592 193.3 154 .5  b26.7 -.Clnc - . I471 
914 3'3.5 5.0 20.0 - . 0 1 2 C  .CWl .0591 - . 3 2 0 5  -.Dl52 -.4235 6 2 . 7  .Oh02 .OF514 195.7 1bb.9 445.0 - . 0 ? 5 *  - . I 3 9 7  
975  39.6 - . J  20.0 -.0029 . G O 9 7  .Ob44 - .0260 -.0297 -.4772 65.3 .0581 .OD503 190.1 145.1 473.3 -.CI31 -.165" 
916 30.7 - 5 . 1  20.0 -.2045 . 039R . a 7 1 4  -.0245 - .0397 -.5b59 h l . 3  .a546 .30464 195.7 146.1 4C1.6 -.Ol44 - . I977 
911 30.1 -12 .0  20.0 -.2545 - 0 2 1 3  .9673 - . 0 2 6 8  -a0399 -e5792 71.2 -0511 - 0 0 5 3 6  190.4 146 .5  308 .3  -.015@ -.2lR5 
AVFYA1.r I l P  S P F E I l  P A 1 1 0  = A 0 2  AVERAGF IF A8OVE VALl lFS 66.1 .0564 . 0 @ 4 R 2  191.5 1 4 5 . s  415.9 
C O N F I R I R A T l O N  ' I  Rl lN 50 
P O I N 1  V e K I  ALPHA l F I A  CNF CAF r P M  C R Y  CY* CSF CHI  C T S I I G  CHSSIG V T  0 35 r V U S  T F S  
9 no 
9 H l  
O R 2  
9 8 3  
9 O b  







9 1 7  
9 9 1  
9 Y b  
9115 
V q b  

















3 5 . s  






A C T  1 1  
.O 
0.0 - .o 
- .D  
- .1 . 4 1  
.b 
. I  




. I  
. I  
. I  
. I  
.I 
.2  
. I  


























- . O P 6 6  
- . ? I 7 6  
- . 2 h l l  -. 1521 
- . 2 3 O 0  -. 1430 















- . l h l l  *. 1 0 7 3  
-.le52 
- . 33 .1b  
- . 375R 
.302 I 
.059 h . 7 3 3 2  
-.OD15 
- .0580 
- . lo61 -. LO31 
-.?971 
- .3611 
- . O I R B  
- . in03  
.027 n 
.0279 
. O l W  
.O15R . O P 1 8  - .OOG1 




- 0 7 1  9 
. O L b 7  
.0040 
- .009b 
- .O?hl  
-3160 
.0291 





- . 3 2 9 -  -. 0300 
- . 0 3 2 1  





- 5 0 3 4  
. 9 l l 5  
.070? . 0296 
-0355 . 0 3*9 
. O l h b  
.0352 
- . 0 1 3 n  
. r m  
VFRAGF fl  
-.0017 -.OB74 
- . 3127  - . 2 b l 4  
- . O l 2 h  -.4?94 
-0110 - .7015  
.0339 -.9?20 
- 9 6 3 9  -1.1418 
-0929 -1.7655 
.IO43 -1.20P7 
. I 654  -1.1063 
-1849 -1.2745 
-.'IO12 -.OB86 
- r o o 0 1  .0161 
- .0386 .5653 
- .0539 .E407 
- .Ob42 I.Oh06 
- . 0 0 9 5  1.3290 
- , I O 9 1  1.5087 -. I205 I .  3978 
-.none .2W2 
- . o n 1  1 . 1 n i i  




6 9 . 9  
70 .0  
70.2 
70 .1  
7 0 . 3  
7 0 . 5  
70 .  C 























. 3 5 0 4  . c599  







. 3 C T 6 1  
.00'.61 
.DO553 
. 00542  
. D O T 3 7  
,00512 
.00~02 











. D O 5 2 4  
.0@519 










































i w . 4  
490.1 - .0181 
490 .7  - . o m 1  
4 0 8 . 5  - .@051 
4R5.7 .CO4b 
506.8 . P I 2 7  
485.3 . 0 2 5 5  
bC5.9 . 0 ? 7 0  
587.4 .0421 
bP6.C .367C 
b P 6 . 4  .0740 
493.6 -.CC?5 
b 9 2 . P  -.O@O' 
4en.9 - . c q v  
6 v . n  -.0157 
482 .1  - .c?7r  
4 8 3 . 1  -.0264 
402.2 -.0795 
5 8 5 . 2  -.0365 
482.7 -.os59 
4112.9 - . c 4 9 1  
486 .7  
R l n  5 1  CflNFl  GURATl  ON 3 1  












I 0 1 5  
L O 1 6  





















45 .9  
5 5 .  a 
.a 
J .O 
-.O - .O 
- .O 
- .o 
- . O  - .o -. 0 













































- . O R 5 6  
- . I030  







. O I L 3  







- 0 1  84  
.@2LO 
- 0 1 0 9  
.0317 
-.C759 
- . O M 6  
- . 0 4 1 1  .. . 
-.0191 







- . 0 2 3 5  
-.@123 
- . O O Z E  -. 0107 
-.0176 
- .0230 
- .0215 -. 3206 
-.0195 -. 0156 
-.o 149 
- . 0 1 4 5  
-.0019 
-0039 
. O L I O  
.0110 
- 0 2 3 3  
.0295 
.1212 









.1200 . I 4 0 8  
. O O I 9  








- . I 8 6 0  - -3732 -. 6017 
-.7590 
-1.00h3 
- 1 . 0 0 7 4  
-1.0551 
- 1.1039 









7 6 .  I 
7 6 .  I 
7 6 . 3  
16 .3  




7 6 . 1  
16.1 
76.1 
7 6 . 3  
7 6 . 5  
76 .6  
16.9 
76.9 
7 1 . 1  






. n 6 0 0  
. O b 6 3  
.Ob56 
.e655 




. C O R I C  
.O@EOR 
. 3 0 7 9 9  
. O O l J b  
.30170 
. 0 0 7 3 1  
. J O T 1 3  


































328 .6  
321 .6  
331.0 
' 2 6 . 6  




' ( 2 7 . 0  
" Z 8 . 1  





b b l . 7  
654 .C  
6 6 5 . 2  
6 4 6 . 7  
616.2 







b 3 1 . 0  
034 .1  
6 3 3 . 4  
6 3 2 . 4  
.c013 
- . 0 @ 5 5  










- 0 3 5 9  
-.I2014 
-.077? 
- .Ol ' (P  
- . 0370  
- . c o w  
- . 0254  -. 0945 
- . l e90  -. 3070 
- .1073  
- .5117 
- .5521 
- . 5 3 R b  
- .*bob 







. h 1 1 7  . bb?0 
r- 
p 
AVFPMGF I I P  S P E C 0  P I 1 1 0  = . I 2 3  AVERAGF 1 F  ABOVE VDLUES 76.4 .O.I54 .007S5 191.3 328.2 642.4 
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4 L P M 4  
.O - .O -. 0 - .O 







. I  
.I  
. I  
-1 
. I  
-2  
B E T 4  CNF 
-0 -.bo77 






10.0 -2708  
80.0 -5375 





4 0 . 0  -.e774 
-50.0 - .4753  
-60.0 - .I495 
-70.0 - -2805 
-80.0 .OB12 
-90.0 .I121 




- . I 4 1 5  
- . I 5 5 5  -. 2275  
-1521 
.>a54  




. I 3 5 8  
- 0 6 4 3  
- . I035  
- . 2 1 2 2  
-.3523 
- . 4095  
- .4174 
-.3535 
C O N F 1 6 V . A T 1 0 N  74  R U H  52  
CPM CRM CVM C Y  CHI C T 5 S I C  CHSSIG v i  o o\ r v i s  
-2471 - - 0 2 2 5  - .322l  - . 0720  39.1 -@687 -00273  190.9 33.9 266.m - .O iC-  
-3406 -.0394 - . 20 l9  -.5434 40.0 -3492  -00286 190 .8  31.4 777 .4  -.C717 
-4581 -.0590 -0131 -1 .1965  40.8 .0491 . O O Z 8 1  191.1 37.4 177.r . O q I R  
. 3 4 9 3  - .0774 . I763  -1.9835 40.0 .0481 .00268 190 .9  35.5 7h0 .q  . C ? 3 *  
.2019 -.0850 -3621 -2 .7343  41.0 -0190 .00210 190.8 -1.4 7 1 1 . 1  .')C?9 
- .0904 -.OB52 -6642 -3 .7017  40.6 -0485 .00220 191.2 35.m 7511.7 .n.RP 
- . Z O I I  - . 0878  .a246 -4 .1361 4 1 - 3  .M86  .00706 191.' 31.7 713.4  .I179 
- .2099 -.0818 .e613 -4 .1933  42.8 -0481 .00104 I91.P 30 .6  7 1 1 . 3  .I743 
- .I802 - e0835  -90211 -4.7476 + I . ?  -0482 .30144 191 .3  35.5 765.9 .I704 
.2368 -.0205 - .2762 - .0511 40 .9  -0492  .00290  191.1 31.8 2 7 3 . 1  - . 0 3 R 7  
- 5 2 2 3  . O L I O  -.3645 .51?5 4 0 . 9  . 0492  -00285 191.0 1 7 . 0  773.6 -.P5C4 
-5671 -0494  - .3589  1 .0459  50.8 - 0 4 9 4  .00288 1'70.6 37.4 ?77 .7  - .Dlor  
.38bO .C144 - .3734 1.6389 4I.Q -0491 .'YO712 191.9 >?.4 212 .2  - . C * 1 7  
-1565 . 0913  - .4119  2.2413 41.3 -0188 .00261 191 .9  31 .4  7 1 1 . 1  -.05bn 
.0433 -1128 - .*e52 3.1860 40 .9  - 9 4 8 7  -00254 190 .0  36.? 7 h 8 . O  - . P A 5 4  
-.0058 . I228  - .6207 3.9717 4 0 . 9  .?5811 -00262 I 9 O . C  15.8 ? * l . q  - . 0 * ' I  
.0085 . I 2 5 1  - . 1374  4 . 4 9 9 9  41.1 -0186 .DO754 100.5 35.5  7hh.h - .09L- 
-1160 . I277  -.7842 4.9718 41.2 -04113 .00246 1'70.6 35.1 7h5.1 - . l T a l  
- 1 5 0 9  .I130 - . 7696  4 .7735  41.2 -0484 .00225 190 .+  34.7 7h5.h - . I C P .  
-.on31 - .on55 .51z.j -3 .1742  4 2 . 5  . o w 1  .oozw 191 .1  40.6 275 .9  . n i w  
AVER4CE T I P  SPEED R 4 T l O  = -041 4VFR4CE OF 48OVE V b L l I F I  41.0 .lW88 .00251 190.9 36.8 ? 1 - . 1  
f S F S  
-.>?-I 
-.0141 
- . I6 .47  -. 7619 
- .1111 
- . W h o  
- . 4 " 4 P  -. 56h9 
-.6-.7 -. 5790 
- . w i n  . 81I" I 
.167% 
. 7 7 5 *  




. w n 4  
RUN 5 3  C O W F I W P 4 l l O N  34 






























20-3 - 0  
20.0 .o 
20.2 - 0  
20.0 . I  
20.2 . I  
20.1 . I  
20.3 - 1  
20.5 - 1  
20.5 . I  
20.4 . I  













































-1533 . I 7 9 8  
-0859  
- 0 2 9 3  
-0941 . I 8 7 0  
-1503 
. 0 3 I Z  
-.0960 
- .3266 




- 3 5 9 1  
-4250 
- 3 8 4 1  
- 2 0 5 1  
- .0331 -. I372  
- . I092  
- .Ol67 
- .0127 
. 3 1 8 7  
-4312 . 4146 
-3932  
.2512 
-0726  -. 0703  
- . I190  
- . 0937  
-.0231 
-.0088 - .0281 
-.0483 
-.Ob50 
-.0761 - -0833 
-.0852 












- . I455  -.0185 
- . I027  - .3922 
.Ob42 -.9133 
.2375  -1 .5272  
-3462 -1 .9936 
.*I35 -2 .4369 
.4248 -2.1925 
.5671  -2.8624 
.5957 -3.0759 
-5695  -2 .9018  
- . I397  -.0125 
- . I737  . 3 5 9 8  
- .?I59 .el35 
-.3061 I . k I b 1  
- .3682 1.9768 
-.4118 2 .5936  
-.5534 3.1987 
- .581l  3.5749 
-.5261 3.4652 
- .4077 3.1354 
51 . I  
51.2 
51.2 




52 .4  
52  .8 
52.4 





51 .9  
52 .7  
53 .3  
52 .8  
52. m 
. I n 1 4  
. ?SI3  
.0510 
.C513 
. O S L O  
- 0 5  10 
- 0 5 0 9  
.')5'J7 
-0506 
- 0 5 1 6  
-0512 
-0513 

























- 0 0 2 9 5  
.OOZE9 
.00?86 
191 .6  
191.1 
191.1 




191 .3  








190 .4  
190. 4 
190.4 










b b . 7  
b7.7 
63.8  






64 .7  
45.1) 
4VER4GE T I P  SPEED 114.710 = .OS5 4VER4GE 3 F  b8OVF V 4 L v F \  51 .9  .0510 .007911 191. J 65.0  -09.f  
P O I N T  V.KT U P H 4  BET4 CNF 
1070 25.7 .3 .O - .3074 
1079 25.5 . O  10.0 - . 27 i3  
IO80 25.5 -.O 20.0  - .5984 
1081 25.4 -.O 30.0 -.6720 
I002 25.4 -0  40.0 - .4901 
IO83 25.2 - . O  50 .0  -.4346 
I084 25.6 -.O 60.0 - .I556 
I005 25.7 - .O 70 .0  -.0275 
1086 25.6 -.O 80.0  .0367 
1087 25.5 -.O 90.0 -.2056 
10110 25.5 .O - . O  - 3 1 0 9  
1089 25.5 - 0  -10.0 - .3429 
IO90 25.3 -0 -23 .0  -.+Ob6 
I091 25.3 - 1  -30.0 -.3790 
1092 25.9 . I  -43.0 -.3569 
IO93 25.5 . I  -50.0 - .4976 
I094 25.3 . I  -60.0 -.5284 
1095 25.5 . I  -70.0 - .3672 
1096 25.6 . I  -PO.O - A 3 9 2  
1097 25.6 . I  -90.0 --2898 





. I l l 2  
-1681 




.0017 .. . 
.0432 
. ( M O L  








R U N  5 4  C f l N F I G U ) 4 T I O N  3 4  
CPM CRM CVM C Y  C H I  C T S S I G  
- 2 9 1 9  
.2701 
.3385 
. 3373  
. 2 3 7 1  
-1177  
- . 0 4 7 3  
- . I 1 2 4  
-.Ob73 
- .0079 




- 2 8 9 3  . IC31 
-.PO31 
- . I119  





- . 0 3 7 2  
-.0534 -. 0644 
-.Ob90 
- .C728 





. O S 4 0  
- 0 1 4 7  




- 0 5 1 9  
IYFRAGE 0 
- . I 2 2 7  -0344 
-.OM89 -.2310 
-0501 - .6573 
. I 9 7 3  -1 .0859  
. 3 0 9 4  -1.4533 
.3060 -2 .0565 
-3999 -2.3137 
.4806 -2 .3055  
.3988 -2 .1804 
-.I230 .0305 
- . I625  -3363 
-.to64 - 6 6 9 8  
-.2486 1 .OS65 
- . 2783  1.4410 
-.3195 I -8561 
- . 5 3 6 4  2.5416 
- .5523 2.8859 
- .3791 2.1523 
- -2732  2.3513 
.>a23 - 1 . 7 0 5 1 ~  
IF 48OVE V41UES 
59.2 
58.6 




5 9 . 5  
59.n 




58 .7  
58 .6 
5 9 . 9  





5 9  - 4  





- 0 5 4 b  
.054B 
-05 45 
- 5 5 4 1  
. 0544  
.0547 
.os44 
- 0 5 4 2  
.O54O 
. 0544  
.c540 



























V ?  
190.4 





















w 2 . 8  
101.6 
I 0 I . h  












I 0 O . G  
171.0 
102.4 
I J ? . 4  
101.' 
in2 .4  
0 %  t v r 5  
3h3.7 - .C141 
365.5 - . 0 7 4 1  
*h4.9 .014'? 
3 b l . h  - 0 5 6 1  
3h3.? - 0 0 5 6  
364 . -  . O R 9 0  
766.1 .I171 
363.6 . I 3 4 U  
3 6 3 . 8  . I I I C  
366 .9  - . e341  
364.6 -.045l 
3h?.5 -.'l<?? 











H *  
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1159 
I l l 0  
1111 
I 1 1 2  




I l l 7  
I118 






30.6 . O  
30.7 .o 
30.7 - .O 
30 .6  -0 
30.5 - 2  
30.3 . I  
30.7 . o  
30 .1  .O 
30.7 . I  
30.6 . I  
10.5 .I 
30.3 . I  
30.1 . I  
30.0 . I  
30.5 . I  
30.0 . I  
- 0  
13 .o 




- .O  
-10.0 
- 7 0 . 0  
-33.0 













- . I715  
















. O I b l  
-0152 
-.01q7 
- .0424 -. 16911 
-.3172 












.05611 - .037 6 
-.On53 
-.I072 






- .05 3b 
.0011 
.0193 . 0343 
.Ob12 
.0742 




. o v i a  
-.I151 
- . O b 8 9  
.0191 


























































. o ~ n ~  
.00478 
.034?7 







































1 4 5 . 3  
144.5 
142.9 
1 4 1 . 0  
139.8 
144.9 
1 3 9 . 8  
420.5 
42R.O 
5 2 6 . 9  





4 2 3 . 3  
42>.7 
415.2 
4 1 2 . 4  
41 0. I 
4@9. I 
415.7 
4 1  a. 1 
A V E R A C F  T I P  s P F E n  a A i i n  = . o w  A V E R A C F  1 F  A I O V E  VALUES 05.4 .0575 -004b9 191.6 144.3 470.5 
-.C397 




- . O 3 6 ?  
-.0540 -. 0691 
-.on47 
- . O R 4 7  
-.I778 -. IC49 
- . 13h I  
- . 0 9 2 4  
. o w 5  
-.on73 
. 7 7 c 7  
- . 3 -s3  -. I937 
- . 3 1 4 h  
- . 4 w n  
.7,?4$ 
. 3 1 C G  
. + I * >  





RIP4  5b CONF IGURATION 34  
P O I N T  V I K l  ALPHA 8FlA C N F  CAF CPM CRY C V M  CSF C H I  C T S S I G  C H S S I G  V l  0 O S  C Y M S  rSFT 
L I Z 5  30 .b  .J 0.0 -.I653 -.Ol7b -2035 .0021 -.IO80 .W9b 46.8 .0582 .OOl lb  192.7 145.7 424.5 -.03h7 .Olhq 
112b 30.b 5.0 0.0 -.I413 - .03+6 . I n53  .0031 -.0798 -0549 62.3 .Oh07 .00520 193.3 1 4 6 . 1  442.7 - . @ Z h 4  .3181 
L I Z 1  30 .b  10.1 3 . 0  -.I337 - .0418 . I 7 0 9  -0035  -.0729 -0478 59.2 .Ob52 .Or2561 191.3 115.3 455.8 - . 0 ? 3 ?  .!1152 
1128 30.6 - . O  - 0  - .1b49 -.0153 .2026 -0022 - . I O 7 4  -0593 65.1 -P5R? . O O 4 9 9  191.' 146.1 574.9 - . C 3 0 0  .0173 
1129 30 .7  -5.0 .O - . 2 9 8 3  -.OlOl . I 9 0 1  - .OOOb -.0957 -.0262 b7.4 .0546 .00455 193.7 166.5 412.8 - .334'J - .TO93 
1130 30.7 -10.0 . O  -.3525 .0077 .I1193 - .0020 - . I004  -.0150 69.9 .0504 .30427 193.9 146.9  394.7 -.0774 -.@I256 
A V F P A G E  l i p  w+En R A T I O  - .on2 AVERAGF 1 F  4BOVE V L I U E S  64 .8  .e579 -30491 192.5 146.1 426.7 
P l l l N l  V.KT ALPHA R E 1 1  C N F  
1131 3O.b - 1  -23.0 -.2157 
I 1 3 2  30.5 5.1 -20.0 - - 2 6 1 8  
1133 30.6 10.1 -20.0 --2171 
I 1 3 6  30.6 .O -20.0 -.2423 
I135  30.5 -5.0 -20 .0  - . 338b  
1136 30.b -10.0 -20.0 - . k I b l  
AVERAGE 1 I P  S P E F O  R A T I O  .On1 
Rim 5 1  C O N F l G U R A l l ~ Y  3 4  
CAF CPM CRM CVW CSF C H I  C T S S I G  CNSSIG V T  0 OS C l M S  CSFC 
-0065 2 0 6 1  e0355 -.2lOS -6031 65.1 .0 '78 .00470 192.3 145.3 425.1 -.0119 -2061 
-0175  .2701 - 0 3 7 6  - . I 9 1 7  -5327 62.2 .0501 .00495 195.2 144.5 444.0 - .Oh24 .I734 
- .0380 - 2 0 2 4  00314 - - I 8 3 8  -4964 59.0 .0635 .00533 194.5 143.7 45R.O -.C577 . I558 
.0013 . 2 l 8 8  .0351 -e2073 -b131 65.1 . 0 5 7 b  .00187 192.9 164.1 421.8 - . O K 8  . *095  
-0243 .2250 -0365  -.I996 ~ ab672 67.1  .OS42 .00465 191.2 144.5 404.1 - .Or14 -2386 
-0384 - 2 1 4 8  -0335  - . I 7 5 1  . I N 6  70.1 -0504 .00441 191.8 145.3 388.2 -.Ob55 - 2 6 %  
AVFRAGE 7 F  ABOVE VALWS 66.8  -0573  .004113 192.8 144.6 473.5 
RUN 5 8  C O Y F I C U R A T I O ~  34 

























- .3135 - .3255 





-.0732 -. 0702 
-.Ob30 
- . o l e1  















-.4329 -. 5613 
-.b575 -. b956 
b4.q  



































AVfDATrF T I P  S P E E D  D A T l r l  * .08Z A V E R b C i  I F  L I O V E  VALUES b4.b .0579 -OM82 192.5 145.0 425.2 
.C?49 
.03 17 
. O O l  6 
.0056 
.0118 
. O l h 9  
- . l 8 S B  
- . I359  
-.19C5 







C ~ N F I W R A T I O N  1 4  RUN 59 
P O I N T  VsKT ALPHA BETA CNF C A F  CPM CRM CY*  CSF :HI C l S S I G  C H S S l t  V r  P 0s rvu( r $ r T  
I146 35.5 - 0  -.O -.IO21 -0037 
1147 35.5 -0  10.0 -.DE29 - . 0 2 0 3  
I148 35.5 -.O 20.0 - .2439 -.Ob12 
I149 35.5 -.O 30.0  -.2487 - .0456 
11% 35.3 - .O 40.0 -.3395 - 0 2 6 5  
1151 35.5 -.O 50.0  -.0585 -so967  
I152 35.4 - 0  - .O -.I106 -.0024 
1153 35.1 .O -10.0 -.I282 -.00@9 
LIS4 35.2 . I  -20.0 - . I631  - .0232 
1155 35.5 - 1  -30 .0  -.2175 -.OS65 
I156 35.5 - 1  -40.0 -.2917 -.OB89 
1157 35.3 . I  -53.0 - . 2 3 B I  - . I 6 3 2  
I158 35.1 . I  -60.0 - .4708 - . I 8 7 1  
1149 35.4 . I  -70.0 -.3507 -.2473 
I 1 6 0  35.4 - 1  -80 .0  - .2236 - .3042 
1161 35.4 - 1  -90.0 - . I852  -.3708 
1162 35.6 -0  -0 -.I193 - . 0 0 2 5  
AVERAGE T I P  SPEED R A T I O  = .OS5 
.I311 
. I 2 8 7  
. I 9 7 7  
.19t9 
. I 0 0 1  
. O M 9  
.I412 









. I 3 6 0  
I 
.0012 
- . 0117  












- 0 4 2 5  
.0000 
i V E R A t F  71 
- .0560 -. 0406 
-0138 
.I062 
- 1 4 6 6  
.2052 
-.Ob75 
- . I 2 4 2  
- + I 6 7 3  
- .2185 - .2480 
-.3139 
-.3455 -. 2971 
-.2105 
-.2084 
- .os35  
: r8CvE 
.0015 












1 .6457  
1.5418 
I .  5071 
-.0029 
VALUES 
70 .7  






1 0 . 0  
7 3 . 1  







70 .1  
7c.7 









- 0 5 6 1  




. 0 5 8 0  
.051b 













.00513 . J 04 9'











1 9 2 . 7  
192. 
191.' 




1 9 0 . b  
191.9 
112 .6  
191.', 
196.1 




1 9 9 . 7  
198. C 










1 4 7 . 0  
b W . C  -.C73C 
5 e 1 . 9  -.PIEP 
b 8 3 . 7  + @ * ' I  
G I * . ?  . ? C 4 1  
4 7 5 . 5  . . *PI  
5Cl .9  . O R 5 2  
517. I -. ~ 7 7 7  
4 1 1 . 1  - . n 5 o l  
4 i n . i  -.con5 
418 .7  -.Oh84 
b 7 C . 3  -.I175 
4 7 1 . s  - . I 3 1 1  
469.7 - . I 4 1 1  
b 7 ? . 1  -.I746 
bl..* - . O P P E  
4 1 7 . 9  -.cnii 
6 ~ 5 . 7  -.077r 
4 1 1 . 7  
RUN 60 C O N F l G V I L l l n N  3 3  







LIB0 1 5 . 2  












I 1 9 4  15.3 
i i n z  15.1 
. O  .O -.I943 
0.0 10.0 -.5264 
-.o 20.0 -.a400 
-.O 30.0 - .6339 
-.O 40.0 -.2791 
-.O 50 .0  -.3046 
- . O  60.0 - .DO11 
-.O 7 0 . 0  .3319 
-.o 80.0 .5814 
.O 89.9 .E193 
-0  0 . 0  -.2103 
- 0  -10.0 -.2405 
.O -20 .0  - .4350 
- 1  -30.0 -.6674 
. I  -40.0 - .E486 
. I  -50.0 - . n e 5  
. I  -60.0 -.4768 
. I  -70.0 -.4358 
. I  -80.0 -.I849 
- 2  -90-0 -.I413 
.O -.O -.3059 
. I  TP.3 















- . I 9 1 5  
- . 2260  
- J I O b  
-.2153 
.I395 
. IO37  -.0187 
.I444 -.a319 
. I 7 5 0  -.os53 
.0965 -so131 
. 0263  -.OB30 
-.0759 -.0840 
- .Ob25 -.0012 
-.I256 - .OB43 
- . I 4 5 1  -.0837 
- . I 8 4 5  -.0810 
. O W L  -.OLbS 
. D l 7 6  .3130 
.0944 . O S 0 4  
.0994 -0727 
.I204 .0%0 
. I 7 1 7  .IO48 
.2073 .I131 
. I 7 0 8  . I 1 4 2  
.2416 .I161 
.2363 . I O 5 9  
.IO91 - .0147 
. - . . . . 
.6396 -3.5145 
.7104 - 3.9266 
.E445 -4.1165 
-8992 - 4 . 2 1 6 1  
-.3186 -0760 
- .4244 .1147 
- .SO77 1.3458 
-.4939 1.8691 
-.4786 2.4007 
- A 8 0 1  3.0415 
- .5907 3.7860 
- .7068 5.2964 
-.7457 4.6533 
-.I265 4.5216 
























. 0567  .OC295 
.Ob66 .50297 
.%E5 . O O Z P I  
.0464 . a0279  
. a 5 6 2  - 0 0 7 6 5  
- 0 4 6 2  .00251 
-Ob59 .3@214 
. 0 4 5 9  .00190 
.Ob68 . 0 0 2 1 9  

























1 9 1 . 7  
1 9 7 . 7  
197. h 
1 9 3 . 3  
191 .n 
i 1 i . n  
30 .7  
3 7 . 4  
17. b 













3 1 . 0  
1h.h 
35.q 
35.  I 
37 .0  
7h4.5 
?b4.5 
7 0 4 . 1  
764.9 
2h3.9 
763 .1  
I t l . 7  
25 1.5 
751 .1  
755.5 
764 .6  
? C 5 . 5  
76k .9  
7 6 7 . 0  
2 6 1 . 0  
261.7 
7h1.8 
267 .5  
?67 .6  
2 6 3 . 0  
269. I 
-. n k 3 l  
- .0771 . OCI 7 
.0?9.. 
.?57C 
.)Ill . C r 9 h  
.I'*7 
. I 1 6 0  
- .CbSh 
-.OC"5 
- . e 7 1 1  
- .Ob95 
- . @ O r 7  
- .Oh19  
- . n * l 6  
- . on . r  
-.IO18 
-.C%R 
- . 0555  
. I I - ~  






















































. I  
. I  
. I  
. I  
. I  
. I  
. I  









70 .0  

























-.2922 -. U 4 5  --..
- .5032 - .7089 
-.6658 
- . b 2 2 3  -. 5579 - .OB05 
. I 4 7 5  -0951 - .0069 - . I513  
- 1 3 8 2  . I 2 1 2  -.0275 -.094l 
-1156 . I S 2 6  - . O W ?  -0371 
. I 3 0 6  .0856 -.Ob01 . I 8 4 7  
. 0 6 4 C  -.053? -.0724 . W O E  
-.0725 - . I 1 5 6  -.0189 .4337 
-.2724 -.I411 - .0800 A 3 7 0  
2 0 1 6  - .O962 -.Ob99 .5951 
- 2 0 6 7  -.0194 -.Ob59 .h332 
-1435 .0109 -.Ob10 .bOb7 
. I 6 3 8  .0990 -.Or278 - . IS52 
.10(10 . I O 3 8  .0201 -.2163 
. Z l 3 8  . I 1 5 7  - 0 4 3 1  - .2547 
.I898 . I 4 8 5  .Ob36 -.2615 
.0903 . I S 3 2  . O B 5 8  -.327b 
-.0052 . I 7 2 6  .0990 -.4047 
- . I 8 7 0  .LbCS .0999 - .5020 
- .3355 . I 1 0 8  .0960 -.5952 
-.5532 .0538 .0882 -.5803 
-.5441 . I 3 5 0  -0731 -.4377 
. I 6 1 1  .IO10 - .0060 - . I 6 0 3  
.OISh -. 4276  
-.9018 - 1.41 19 
- I  .PI58 
-2.4411 
-2.1437 
- 2 . 9 1 2 2  
-3. I363 
-3.0125 





























5 2 . 7  
52.4 










- 0 4 9 1  
.1494 







. ~ n i  








. 00328  



















193.3  63.5 
193.4 63.4 
193.6 6 3 . 8  
193.3 (13.8 
193.4 6 3 . 8  
193.5 64 .7  
193.4 6 1 . 4  
193.4 64.6 
1 9 3 . 3  h'.n 
193.2 65 .8  
192.6 b5.n 
192.5 6 5 . 8  
192.3 65.4 
197.1 b3.4 
193.4 2.3 67.0 3.4
109.7 - . n i 3 i  
3c7.n .ninG 
336.5 -.019b 
W h . 8  . C C 7 h  
qCh.5 . 0110  
3Ob.C . o n 3 1  
W h . 4  .@9P4 
165.4 . I743  
V 5 . A  . 1 3 7 ?  




3 ~ 3 . 5  - . 1 7 1 3  
w * . q  -.oqib 
31 3 . 9  - .c347 
I 
h 





P n l N l  V , K T  ALPHA 
I 2 2 1  30.5 
1 2 2 B  38.1 
I 2 2 9  30.1 
I 2 3 0  32.0 
I 2 3 1  30.5 
1237 30.4 
1233 30.2 
1234  30.1 
1235 79 .6  
I 2 3 6  30.1 
1 2 3 1  10.2 
1 2 3 0  3n.4 
1239  30 .1  
1240 w . 2  
I241 30.5 
1247 30.5 
I 2 C 3  30.4 
I244 10.3 
1245 30.1 











. o  
.I 
. I  
. I  
. I  
. I  
. I  
. I  









60 .0  
10 .0  
90 .o 
. o  
-10.0 
- 7 0 . 0  
- 3 3 . 0  








. I 2 1 5  
-0005 
.3010 
- . 0 5 1 0  
. 0 7 l O  
- .0303 
- 0 1 2 3  
.IO07 
- .0792 
- .2202  
. I 2 1 1  
.0115 
.0024 -. 0595 
- .3611 
- . 4 4 6 5  
- . 2 1 3 2  
- .2973 
. i i n o  
-.Con2 




. I 1 3 4  
. 0470  
- . 0 2 5 5  
-.7251 
- . 3 4 0 9  
- . O W 1  
- . O X 5  
. o w 0  
.0160 
.04 '2  
.0099 -. IO75 
-.3lb7 
-.4006 
. o w  0 
.on30 





. 0 4 5 0  




- . 0275  
. O H 4  
.OD99 
. D l 4 3  
- 0 3 3 6  
.0434 
.0275 
- . 0233  
-0075 
.0044 
. o m  
. o i n z  
.ow19 
6 2  
CR* 







- . 0 t 3 5  
- . O S 1 1  - .0455 
.0016 
- 0 2 3 0  












-1624  . I b@8 
.3080 
. I 0 1 1  
. 3940  
.3539 
-.I215 
- . I 1 0 2  
- . 2060  
- . Z l l S  
-.2325 -. 3 0 3 9  
-.3601 
- .3711  
-.3254 
- . 2 0 2 8  
-0805 
- . I 9 9 1  
-.5093 -. 0562 
-1.1076 
-1.2631 - l . l b 9 2  
-1.9051 
-1.7366 - 1.6572 
.0139 
. 3 L h O  
.511S 
. @ I 1 6  
I .LIhO 




















































. 0 0 3 9 7  













V l  
1 9 2 . 4  
192.3 
191.5 


















1 4 0 . 8  
146.1 
1 6 4 . 5  
143.7 














144 .9  
140.1 
QZ t V * S  
4?3 .9  - . 1 4 5 7  
419.0 - .0234 
414.0 -.0021 
419.2  .137c  
4 2 1 . 0  . 0 5 7 2  
416.6 - 0 5 7 "  
415.0 . I 9 8 1  
413.5 -1353 
408 .4  . I 3 4 9  
4IZ.l - I 2 4 3  
411.9 - .0444  
419.0 -.OW9 
S17.3 -e0773 
411.4 - e 0 7 4 3  
416 .3  - .0029 
415.C. -.139C 
414.4 - . I T R C  
411.2 -.I157 
431.6 -. 1 1 5 4  
4 0 8 . 7  - . C 9 3 ?  
CSFS 
.02n* -. 009-  
- . I175 -. 29nt.  
-.3905 
-.447Q 
-.bot1 -. Ab59 
- .59*4 
-.5019 
. 0 7 5 7  
.1117 . ?C?C 
.?923 
.4051 





A V I R 6 T . f  1 l P  S P t f O  R l l l n  - . O R 1  A V E R A G F  1 F  4 8 n V F  V A I U F T  66.2 .O%55 . 00430  191.1 l 4 h . @  414 .9  
RW 6 3  C l W F I G U I A T I O N  3 1  
C O I N 1  V I K T  ALPHA RETA CNF CAF CPM C R M  C Y *  CSF C H I  C T S S I C  C H S S I G  V T  0 OS CVMS C S F Z  
1250 30.1 .O 0 .0  . I051  . O W 2  -0305 . O C l l  -.I255 .On00 65.6  .0543 .00420 197.5 141.5 414.8 - .0431 . 0 ? 7 9  
1251 30.1 5.1 0.0  . 1 2 3 C  .0151 . 0 3 0 7  .0103 -.I185 .LIZ5 63.1 .@568 .00459 193.2 144.5 419.1 -.0194 .0>7Q 
1252 30 .0  -.O .O .IO65 . 0843  . 0 3 1 5  .0081 -.I359 . O W 0  65.4 .OS43 .OC431 193.1 143.1 415.5 -.0470 . 0 3 1 5  
1 2 5 %  30.2 -5.1 . O  - . 0 1 1 0  .0151 . 0420  .0060  -.I315 .03b3 08.1 . O S 1 1  .Or390 193.2 145.1 4C1.4 -.Oh99 .0132 
1254 30.3 -10.1 - 0  - .0911 .0121  .0361 .0021 - . I 2 1 4  .0121 10.6 .0472 .OC373 192.8 146.1 301.6 - . 0465  . I 8 4 1  
AYFRAGF T I P  S P E F n  R A T I O  = .080 AVERAGE 1 F  Al lOVE VALUES 66.6 .0521 .OD418 193.) 145.9 401.5 
R V Y  6 4  C n M l G U P A l l O N  3 3  
POINT V . K T  A I P H A  B F T A  CNF C A F  C P M  C R M  C V M  CSF CHI r r s r i c  CHSSIG v i  o 3 s  C V M S  r s F <  
1250 30.5 .9 -20 .0  - 0 5 3 7  .Ob63 .0157 .0361 -.2Ob4 .5015 66.1 -0546 .00489 191.2 147.7  415.5 - . 0 7 3 4  . 2 O E R  
1259 30.5 5 - 0  -20.0 .Ob67 -04'11 -0116 -0359 - . I 9 9 2  .51511 63.? .OS69 .00500 193.9 147.7 434.9 - .Oh76 .I853 
12bO 10.5 -0  -75 .0  -0530 . O b 1 1  - 0 1 0 2  -0364 - .2066 .5959 65.9 .0543 .OF408 193.3 140.5 420.9 -.Or29 ..?I01 
I 2 6 1  30.5 -5 .1  -2O.C -.0350 . O l 4 b  . 0388  -0351 - . I 8 0 2  .6162 60.6 -0507 .OM70 192.9 140.5 399.3 -.0700 .7514 
I262 30.5 -10.0 -20.0 - . I 3 9 3  .0905 - 0 4 2 5  - 0 3 4 0  - . I 1 3 3  .LO26 10.9 .0473 .00447 191.5 158.5 301.3 -.Ob75 . a658  
A V F R A C F  TIP SPEED R A T  in = .on1 A V F R A G E  1 F  LEO* V A L E S  67.0  .052P . O O 4 1 1  192 .4  I + L ) . ?  419.4 
RUN 6 5  c r m F i w n A T i n r i  3 3  
P n l N T  V.KT ALPYL L fTA CNF CAF CPM CR* CY* CSF C H I  r l S S l G  CMSSIT. V T  0 3 5  C W S  C Y Z  
126% 30.3 - - 0  20.0 - - 0 0 5 7  -031 '1  -0061 - - 0 2 9 0  -.0035 -.5112 65.9 .?546 . 0 0 4 6 3  191.7 146.5 416.1 -.On12 -.I871 
I266 30.6 5.0 20.0 - .0230 . 0 2 6 7  -0813 -.0216 -.OOlb - .4318 63.6 . 0 5 7 0  .00490 192.1 147.3 479.5 -.0301) - .I501 
I261 30.5 - -0  10.0 -.0107 .0295 - 0 8 3 9  - . 0 2 9 ?  -.0033 -.5110 66.2 . 0 5 1 7  .OCI80 190.5 147.3 414.0 -.C'IIZ -.I1121 
1268 30.4 -5.1 7 0 . 0  --2109 - 0 6 3 6  -0931 - .0298 .OOW -.6195 68.3 .0513 .00145 192.1 147.3 501.7  .0035 - .2271 
I 2 6 9  3@.5 -9.9 20 .0  - .2622  .OS92 .0010 -.0330 .0156 -.b524 70.5 . O b 1 1  .Or409 193.9 140 .1  388.0 .0PbC -.2406 




R U N  66 C O N F I G U R A T I O N  3 1  
POINT V.UT ALPHA B E T A  CNF CAF CP- CRM rvu CCF c t i t  C T S S I G  ~ H S S I :  v i  
1272 25.3 -0 0.0 .0921 . I 1 5 8  -0602 - 0 0 3 3  - . I545  .0073 60.2 .@512 .50330 I Q l . ~  
1273 25.0 -0 10.0 .0004 - 1 0 3 3  - 1 0 3 2  - . 0 1 8 1  - .0808  - .2418 59.6 . 5 5 1 2  .IO329 192 . ;  
1274 25.0 -.O 20.0 -.2299 -1510 -1178 - .@342 .0256 -.bo03 59.5 .0511 .00330 197.4 
1275 25.0 -.O 30.0 - .2260 . I 5 3 3  . 0 8 2 9  -.OS01 . I 5 5 9  -1 .6170 59.1  .0515 . O F 3 1 9  191.9 
1276 25.1 -.O 50.0 -.0381 . I 1 9 8  -.Ol56 - .Ob30 -2442 - 1 . 3 6 5 1  59.5 .?514 .00321 191.1 
1217 25.1 - S O  50.0 -e0364 -.0009 -.Ob93 - .0107 - 2 8 6 5  -1.6622 60.0 . O S 1 3  . 3 0 1 3 l  197 .1  
1278 25.0 -.O 60.0 .Ob24 - .2098  -.I160 - .0107 2 7 0 7  -1.9918 SO.? . 1 5 1 3  .00283 191.3 
1279 25.0 -.O 70 .0  .0523 - .3723 -.OB87 - . 0 7 0 0  - 3 9 1 8  -2.3078 6 0 . 4  . 0537  .no760 191.4 
I280 25.2 - . O  80.0 .I829 - .0511 - .0436  -.0508 .5149 -2.1499 51.0  . 0506  . P O 2 6 2  1 9 2 . 3  
1281 25.2 -0 90.0  - . 0 1 3 4  -0509 . O W 2  - .0531 - 4 7 8 2  -2 .1992  61.1 .OS09 . @ @ 2 4 3  1 9 1 . -  
1282 25.3 -0 0.0 -0931 - 1 1 6 6  -0590 -0039 - . I554  .I940 60.0 .0511 .OC338 102.5 
I 2 8 4  25.1 -0 -10.0 .0906 - 1 2 5 6  . 0 4 3 5  .0221 -.I874 .3833 59.1 . "512  .00145 192.5 
1285 25.2 -0 -20 .0  .0361 - 1 4 2 9  .0596 .0377 -.2115 .6660 60.0 .0510 .0@346 l q 7 . 4  
1286 25.2 . I  -30.0 -.0254 -1604 .On84 .0524 - . 2 0 9 1  .9839 60.7 . C 5 C 9  .50346 197.3 
I207 25.1 - 1  - 4 0 . 0  -.084b - 1 0 5 4  .I054 .0101 -.2201 1.3588 60 .5  .0506 .YO348 191 .1  
1208 25.5 - 1  -50.0 - .4342 . 0502  . I 1 9 4  .0119 - .2683 1.1711 61.1 .0509 .00361 191.5 
1289 25.4 . I  -63.0 - . 1201  -.0157 . I 5 6 3  . O B 1 6  -.4571 2.3106 61.7 . J S I J  .3n370 1 9 1 . 5  
1290 25.2 - 1  -10.0 -.4591 -.3979 - .0026 . O W 0  -.5284 2 . 1 8 2 1  6 1 . 3  . 0 5 1 5  .00311 191.' 
1291 25-1  - 1  - 8 0 . 0  -.5158 -.5010 - - 0 3 4 1  -0103 - .45 l l  2.8214 6 1 . 7  . 9530  . ' I9369 191.3 
1292 25.1 - 1  -90.C -.4546 - . 4 8 7 2  .0326  -0586 -.318O 2 .4210  61.5 . 0 5 0 6  .OF173 I9l.S 
0 
I W . C  
99.0 
qg. h 
1 0 0 . 4  
1 O C . P  
99.h 
I'J1.2 
101 .7  
IJF.9 
101 . '  
I l l . ?  
I O ? . B  
1 0 3 . 0  
101  .b 
l " 3 . 4  
l o r . :  
tor.4 
i n 2 . i  
101.7 
ir,x R 
4VERAGE T I P  S P E E D  R A T I O  - .Ob7 AVFR4GF 3 F  AROVF V l L U C 5  60.4 .OSLO - 0 0 3 2 8  1'77.1 131 .5  753.5 
C O N F I G U R A T I O N  3 1  RUN 61 






































- .O - .o -. 0
- . I  
- . I  








. I  






















.On25 -. I234 
-.0448 
. I252  


























- . 2 9 2 3  
-.2530 
. o x 2  
.0192 
- 0 1 8 3  
- .0313  
-.0313 - .Ob64 






- . O W 3  
-.0229 
-.0064 
- . 0140  
- . 0 7 0 0  
-.0187 
.0036 - .0077 




- . O M 1  
-.0259 -. 0233 
- .0224 








-.OSh4 . O I 4 6  
-.OW3 -. 1463 
-.0034 - . 3 7 0 1  
.0598 -.6614 
.one3 - .E798  
. I 4 6 5  - 1. 1660 
. I959  -1 .3211  
-2148 - 1.2450 
e 2 2 8 1  -1 .2471 
-2382 - I  . 2 2 1 7  
-.0463 .Ole5  
-.OIL1 .7152 
-.IO11 .4313 
- . I255  .6195 
- . I310  . P I 0 5  
-.I341 1.0924 
-.I 5 9 1  I. 3608 
-.I910 1 .4341  





7 1 . 0  
11.1 
77 .2  
71.1 
11.5 
7 1 . 0  
17 .0  
11.0 
7 1 . 4  
77.5 
1 7 . 1  
7 1 . 8  




. O b 1 4  






. @ h I Z  












































3 2 8 . h  
171.4 
376 .7  
3 2 9 . 4  
125.5 
376.2 










321 .4  
C 1 7 . 5  
h' 3.2 
0 7 9 . 5  
676.0 
h28.C.  
0 7 6 . 1  
6 7 0 . 7  
625 .1  








61 I .5 
6 1  7. h 
AVERAGE T I P  SPEEO R L T l O  = . I 2 2  AVERAGE OF 4 8 W F  VALUFS 77 .7  .Oh01 .00bh4 192.5 327.9 ( 7 4 . 1  
RUN 69 C O Y F I G U I A l I O N  3 9  













AVFRAGE 1 I P  
.o .o -1.9121 
-.O 10.0 -2.4945 
-.O 20.0 -2.1145 
-.O 30.0 -2.8295 
-.O 40.0 -2 .8612 
-0  .o -2.0190 
-0 -10.0 -1.7957 
-0 -20.0 -1.0501 
- 0  -30.0 -2 .ZS91 
- 1  -40.0 -2.5150 
- 1  -50.0 -2.4309 
. I  -60 .0  -2.1126 
S P E E D  R A T I O  = .04l 
P O I N T  V i U T  ALPHA l F T A  CNF 
1318 30 .6  - 0  - 0  -.I799 
1379 39.5 -.O 10.0 - .2039 
1380 30.5 --0 20.0 -.2390 
1301 30.3 -.J 33.0 -.4968 
1382 30.3 . O  0.0 - . I894  
1383 30.4 -0 -10.0 -.?I56 
1384  30.4 -0 - 2 0 . 0  - .2798  
1385 30.4 -9 -33.0 -.3820 
1386 70.4 - 1  -50.0 -.S308 
1 3 8 1  30.5 . I  -50.0 -.9605 
AVERAGE T I P  SPEED R A 1 1 0  I .On2 
. I 8 1 2  
.I781 
.0828 




. 2 1 2 I  
. I 7 4 3  
.0943 
-.0517 






- 0 6 5 6  
.0572 












- 1 5 0 6  

















. I587  
-.I503 
-.L39? 
- . I 3 7 9  
-.I102 
- . I 4 1 2  
- . I 3 8 1  
- . 2 0 2 8  
- .2518 
- 1 . 1 4 6 5  
-1.8243 
- 2 .3679  
-.2595 
. 2 3 1 1  
. I 5 0 0  
1.2551 
1.8490 
2 .4660  
3.2853 
- . n n ~  
LVERLGE n F  AB0b.F VALUFS 





41 .1  
41.9 
4 1  .9 
4 2 . 2  
42.3 
4 2 . 4  
42 .1  
42 .1  
.0451 .DO244 191.1  3 1 . 0  155.n - . > ? I 1  
.'J451 .00235 191.5 36.2 1 5 1 . 9  - . - I 4 4  
- 0 4 5 6  -00220 I P I . ?  3h.h 751.1 -.'lob1 
-0149 .OOZOb 191.4 76.7 ?37 .0  . @ 1 3 Y  
-0418 .00190 1 9 l . i  35.R 251.1 .077l. 
- 0 4 4 9  -00146 191.4 35.8 257.C - . C 7 7 5  
- 0 4 5 0  .0075b 1 9 1 . 3  36.7 757.5 -.9101 
.OS51 .'IO265 191.1 36 .2  751.3 - . n l V  
-0449 .00265 191.> 16.7 767.9 - . D I P ?  
e 0 4 4 0  . 00211  191.1 3 6 . 7  751.- -.O7P4 
- 0 4 4 0  -00214 191.3 36.7 751.6 -.F'CQ 
-0449 .00213 191.7 35.5 251.5 -.(l7Hh 
.0449 .O@246 191 .7  16.3 757.7 
RUN 1 0  C O N F I G V P L T I ~ N  3 9  
C p *  CRM C V *  CSF C H I  C T S S l G  
-1542 . I 6 9 1  
. I 1 2 1  
. I 5 5 1  
.I490 . I 5 2 4  
- 1 7 3 0  
- 2 1 5 6  
.2769 
-1057 
- -a063 -.0191 -.On40 
-.Ol59 - s o 3 3 3  -.2432 
- -0261 -.0272 -.4ROO 
- .0301 -0060 -.7160 
- s o 0 6 3  - . 0 1 9 3  - .0859 
-0022 - .0093 .0855 
.0102 .0012 . 2 7 1 1  
. O Z ? I  - . 0 0 2 0  . 5 2 1 8  
- 0 3 4 1  -.0071 .1910 
-0365 -.0434 1.0935 
66 .b 
66.5 

















. O 5 3 3  







1391 33.4 .o 
1397 30.6 2.5 
1393 1'3.6 5.3 
1394 30.6 -.O 
3.0 -.I151 
0.C -.091b 
0 . 0  -.0459 
0.0 -.I195 
3.0 - . 2 3 2 2  
.o - . 3 0 0 0  
.o - .3171 

















-.1063 -. 0 0 6 4  
-.0066 







- . 0 7 1 3  
- .0336  
- .0310  
-.0194 
- . O M 2  
-. 0770 
-.Ob49 -. 9395 
-.0101 - . 0900 
-.09t0 
-.OP811 




. " 4 1  
.e556 
.3561 































1 4 8 .  I 
148.5 
4 C C . I  













- . 0 1 2 C  
-.9141 
- . C I S 1  
- .9156 
- . O Z ? b  -. 0229 
-.CI1P 
- . 0 7 0 k  
- . P 3 ? 1  -. 0353 
-.C3R3 
- .c112 







1395 30.6 -7.5 
1396 30.h - 5 . 1  
I191 30.8 -1.5 
1199 10.8 -12.5 




.Ob44 . J050 
-0613 
.o -.3011 
.o - . X I 1 1  
A V C P A G ~  T I P  s w F n  e r r i o  - .on2 h V E R 4 t E  'IF LBnVE V I I U F \  68 .2  .C511 -0C439 191.5 146.9 394.6 
.O .O -.Ob93 
.o  10.0 -.lOlP 
J.0 70.0 -.I670 
-.O 10.0 -.7320 
- .O  40.2 -.7078 
-.o 50.0 -.4l42 
.04hC 
. 0 4 4 5  













- 0 1 4 6  

























. O X 6  
-.O92b 
- . * V I  
-.E196 











. I I @ @ O  
.oooo 






.@OOOC . @OOOO 
.coooo 
.ooooo . ?@@00 
0.1 141.3 I&?.? . C ? 7 2  .W56 
0.0 144 .0  1 4 4 . 9  -.C141 -.-976 
0.0 1 4 4 . 9  144.9 - . E l 5 3  - . ? E 1 1  
0.0 1 4 4 . 5  I ( C . 5  -.00?7 -.59?1 
'3.9 145.5 144 .6  . O l C l r  - .R796 
0.3 1 4 5 . 7  145.7 . e 3 5 8  -1 .1373  
0.n 146.1  1 4 6 . 1  .e070 . o n n 5  
0.3 144.9 144.9 .0178 .1IS1 
0.1 1 4 4 . 5  1 4 4 . 5  .e154 .3139 
(1.3 144.1 144.1 .tS21 .6299 
0 .0  146.5 146.5 -.0112 ..Ill'" 
0.1 146 .9  14b.9 -.@395 1.1598 
I 4 1 4  3 , L k  





1471  3 3 . 6  
I422 30.6 
i 4 i n  30.4 
90.0 
90.C 







.U 3.0 - .Oh95 
- 0  -10.0 - . I O C I  
. I  -70.0 - . I 6 9 4  
. l  -30.0 -.1359 
. I  - 4 0 . 0  -.241h 


















AVFPIG~ T I P  w c o  P A T I Q  = .ooo LVFRPGF 3F LOOVF VPLIJFI  90.0 .73?7 .OOCOO .,1 1 4 5 . 4  145.4 
RUN 73 C n N F I G U a 4 T l O N  1 9  














,0409 . 0409 
. o m 4  
. 0 3 F l  




























1 4 5 . 7  
145.7 
l k 5 . 4  
C V P S  





















. n o m  

















































. o  -.o 
10.0 - .o 
7.5 -.o 
5 . 0  -.O 
1.4 -.o 
-.o -.o 








. O L I O  




- 0 5 1  3 
.0410 
- 0 4 5  8 
- .0002 -. OOOk 
-.0003 -. 0001 



















































4 V F R l G E  OF 4 B O E  V4LUFS 93.0 .0039 
LIJN 1 4  
cpM C R V  
-03311 .OOOO - -0021 - -0003 
-0076 -.?003 
.Ol61 -.0002 
.0257 - . O O O l  
.O341 .0000 
-0413 . O O O l  
.0494 .OD02 
- 0 5 5 4  -0002 
-0524 .OOOtl 
- 0 5 4 1  - 0 O C 9  
4VFRAGF 1F 










.0027 -0039  
-0019 -0059  
. O O Z l  .0061 
ABOVE V 4 I V E S  
I l l N  10 










P O . 0  -3303 
90.0 -0OCO 
00.0 .oooo 
P n l N l  V I K T  4LPH4 
I 4 3 4  t l . 0  .o 
1435 61.1 IC-3 
1 5 3 6  61.7 7.5 
I437 61.1 5.0  
1419 61.1 7.5 
1479 bl.0 -.J 
I 4 4 3  61.0 -2.5 
1 I I l  61.0 -5.1 
1447 61.0 - 1 . h  
I 4 4 3  61.0 -10 .1  
I 4 4 4  61.0 -12.5 
LYtllllLr 1 1 P  5 P F t n  
R F  14 






- .o -. 0 
- .O 
- .O  
-.O 




. O W 4  
-.0025 - .OW0 
-.Ob74 
- .09 39 -. 1267 
-.I541 











. 0311  
. 0213  
.0120 
-0378 












V l  
0.9 
0.3 
0 . 3  
0.0  


































r v w  
. o'? 2L 
-0314 








r SF < 
. GO39 
.3C57 . C@hl 
.ne" 
. ~ n 5 7  
.OOSL, 
- 0 C 3 3  
.002 1 





























RUN T b  C O M F I G U A l I O M  21 
V.KT ALMA BETA CUF CAF cm CRM CVM CSF cn! c l s s l t  
30.0 -.O -180.0 -.011b --I118 -.OOSb -.0004 -0020 -.0018 90.0 .OOOO 
30.1 -.O -110.0 -.0264 - . O W 5  -.0050 -0032 -.0246 .0991 90.0  .9350 
30.1 .O -160.0 - .MOT -.OM6 -so113 -0081 -.Ob42 .311b 90.0 .OOOO 
29.9 0.0 -150.0 .027S - .0115 -a0154 . 0 1 4 1  -.I109 .blb8 90.0 .OOOO 
29.8 - 0  -140.0 -.3305 -.Ob30 -0126 .Ol48 -.IS45 -8933 90.0 .OOOO 
29.1 -0 -130.0 -.4163 --OIIT - 0 6 2 1  -0142 -.I992 1 . IMI  90.0 .OOOO 
29.b - 0  -120.0 - .IO06 -.MI5 -&I92 .0104 -.2109 1.2009 90.0 .0300 
29.1 -0 -110.0 - . I 2 9 9  -so393 -.O2bb -0103 -.I953 1.1820 90.0 .OOOO 
29.8 -.E -100.0 -.I839 - - 0 2 b S  -.0081 .OlM -.I691 1.1263 90-0 .OOOO 
29.8 -.O 9 0 . 0  -.IO14 -.0898 -.0041 .0095 -.1308 1.0918 90.0 .OOOO 
29.6 -.O 180.0 -.0368 -.OW9 -a0095 -.0005 -.OW1 -.0361 90.0 .OOOO 
30.0 -.O 1 7 0 ~ 0  -.0553 --08OS --0079 -.0042 .0217 -.I5114 90.0 -0000 
29.8 -.O 160.0 -.I419 -.ObSO -001b -.0087 .Ob01 -.38bb 90.0 .OC@O 
30.0 -.I 150.0 -.2972 -.0481 -0151 -.012b . I O 5 9  -.6955 90.0 .OOOO 
30.0 -.I 140.0 .0994 -.0514 -.0855 -.0159 . IbZS -.9999 90.0 .OD00 
29.9 - .I  130-0 -.29T2 -.08Zb -e0209 - . O l O l  -1163 -1.0191 90.0 .OOOO 
29.8 - . I  120.0 -.2018 -.Ob54 -.0229 - . O l O O  .I938 -1,2053 90.0 .OOOO 
29.8 -.I 110.0 -.I454 -.OlOT --0448 -.0105 -1814 -1 .1162 90.0 .OOOO 
29.1 - . I  100.0 -.2195 -.Ob09 -.0211 -.0105 . I 5 7 6  -1.13b4 90.0 .OS00 
29.6 - .I  90.0 - .I289 -.11b8 --01+5 -.0091 .I211 -1.1114 90.0 .OOOO 
rHssic vr o os c v w ~  csrc  
.OOOOO 0-J 1+1.1 141.1  .OO?O -.COT11 
.OOOOO 0-1 148-5 148.5 -.@74b . C W I  
~ ~ 0 0 0 0  0.0 I4c.5 14n.5 -.Oh+? . l l l k  
.OOJOO 0.3 146.9 145.9 -.IlPO . b I h I  
-00000 0.0 145 .3  145.1 -.I545 -8911 
-00000 0.3  144.5 144.5 -.I992 1.1041 
.OOOOO 0.0 143.1 143 .3  -.71C9 1.7n-9 
.OOOOO 0.0 144.5 144.5 -.1953 1.1870 
~ 0 0 0 0 0  0.0 145.1 l55.T - . 1 h 9 1  1 . 1 7 h 1  
.OOOOO 0.3  143.3 143.1 - .@'5? - . C > h T  
-00000 0.0 141.3 1 6 1 . 3  . Q ? I T  -.I59b 
.oOOOO 3.3 145.3 145 .3  .Ob31 - . * @ I , * ,  
.OOOOO 0.0 141.1  1 4 T . l  .I959 -.b9.15 
.ooooo 0.5 141.3 1 5 7 . 3  .IO15 -.9999 
-00000 0.0 1kb.9 166.9 . I 1 6 3  -1.0Tnl 
-00000 0.0 145.3 145.3 .IS38 - 1 . 1 9 5 -  
.OOOOO 0.q l+5.1 1 6 5 . 3  .11lb - I . l ?h7  
.00000 0.3 144.5 155.5 .I510 - 1 .  l3h4 
.OOOOO 0.3 153.7 143 .1  - 1 7 1 1  - 1 . l l l b  
.ooooo 0.3 145.7 145.1 - . I V R  1 . 0 9 1 ~  
AVERAGE T I P  SPEEO RATIO - .OOO AVERAGE J F  A M V F  VALUES 90.0 .OOOO .OOOOO . J  145.9 165 .9  
RUN 78 C O N F l G V R A l l O N  7 1  




















V . K l  ALPHA 8 E l A  
59.6 - -0  -180.0 
59.5 -.o -110.0 
S9.b -.O -160.0 
59.1 -. 1 -150.0 
59 .b  . I  -140.0 
59.6 - 1  -130.0 
59.1 - .I  -120.0 
59.5 -.o -110.0 
59.5 -.o -100.0 
59.1 - . I  -90.0 
59.5 -.o 180.0 
'19.6 -.O 1TO.O 
59.1 -.O 160.0 
59.5 - . I  150.0 
59-0 . I  140.0 
59.5 -.l 120.0 
59.5 -.I 110.0 
59.T - . I  100.0 
59.1 -.I 90.0 
CNF 
.0111 
. O O O l  
-0215 
.IO87 
-.b984 -. 3965 
-0254 
-.o*ll 


























































.o IO8 . 0 LO2 - .0001 
-.0038 
-.0092 
- . O L 4 5  
-.0018 
- . O O l l  
















-1194 . 1191 
.212a 
. I866 
. I 6 1 8  
-1234 
C Y  
-. OM6 
.I009 









- . I236  

























C l S S l G  
.oooo 
.oooo 



































V l  




































5 8 4 . 1  
583.9 
5111.1 
O \  











5 8 0 . 1  





5ni . i  




- .Oh40 -. I704 -. I173 
- . ? I > &  
- . 7 0 4 3  
- . I 9 7 3  -. I T 7 2  -. I754 
-0 -06  . e704 
.Ob55 
. I 1 9 4  





r sr c 
-.nct.h . IO09 




1 . 1 4 1 3  
1 . 1 5 1 3  
I . l W T  
1 . 1 3 7 1  
- . O C T I  -. 12lb 
- . 3 7 * c  -. bW7 
-1 .3901 
-1 .157-  
-1 .Is<- - 1. 19911 
-1.1711 
AVERAGE T I P  SPFFO R A l l O  8 -000 AVFRAGE 9 F  ABOVE VALUES 90.0 .OOOO .OOOOO - 9  582.9 582.9 
R W  19 C O W I U I R A T I O M  21 






















44.8 -.o 180.0 
44.1 -.o -110.0 
44.6 -.O -160.0 
44.6 -.O -150.0 
4k.b -.O -140.0 
+4.5 .o -130.0 
44.7 -.O -120.0 
44.7 -.o -110.0 
44.b -.O -100.0 
44.5 -.O -90.0 
44.6 -.o 180.0 
44.6 -.O 110.0 
64.5 -.I 160.0 
44.8 - . I  150.0 
44.8 -.O 140.0 
44.b - .I  130.0 
45.0 -.I 120.0 
w.9 - . I  110.0 
44.6 -.I 100.0 
44.T -.Z 90.0 






























- . I 1 3 9  
-.12o* 
































-0095 . 0 LOO 
-0 103 
-0101 





-.OD88 - .0089 - .009b 
-.0096 




































-.6517 - 1.1140 
-1.2309 - 1.1901 
-1.lblb 
-1.1272 




















































































329.0 '129.c .0012 -.oomr 
l ? T . 4  321.6 -.O7S" .loOl 
12b.6 376 .6  -.1715 .h74* 
321.0 '171.0 -.1162 .955Q 
324.I 324.7 -.ZIT& 1.75% 
327.0 371 .0  -.rwi . 3 w l  
321 .1  171.11 - .?mi 1 . 1 i 7 5  
3211.7 328.2 - . iwo  I.I**~ 
' 17 l .n  32q 1 321.C 75.5 - . I 1 7 6  12n5 1 . 1 . ~  .1367 
329.0 329.C -.0?14 -.,I159 
371 .7  771.0 -075b -.I371 
379.11 379.L . I 1 1 8  - . 6 5 l ?  
379.0 320.2 .16bC -1.1140 
12h.h 37b.h . ? I 8 1  - 1 . 7 3 P I  
331.1 337.5 -2Jbb -1.19rl 
3Yl.Q 331.C . I815 - 1 . 1 b l b  
Y211.6 328.6  .167b -1.1177 
371.4 321.4 .I244 - 1 . 1 7 8 1  
321.1 171.8 





I W  80 C O N F I G U L A T I f l N  21 
CPM C R M  C Y M  CSF c w  C T S S I G  
-.0031 - . O W 3  .OW1 -.0139 90.0 .SO01 
-.0116 .0002 .0009 -.0109 90.0 .OOOO 
- .0019 -.OOOO -0009 -.OLIO 90.0 .a030 
-.0013 -.0002 -0016 -.0151 90.0 .OOOO 
.a039 - .0005 -0019 -.0143 90.0 . O D 0 0  
.0103 - -0001 -0022 -.0202 90.0 .OOOO 
-.0022 -.no02 .ooon -.oiii 90.0 .a000 
AVERAGF JF A110VF VALUES 90.0 .OOOO 
P O l N l  V v K l  U P W  D F I A  CNF 
I626 29.9 -.O 180.0 -.011b 
1621 29.9 -9.9 100.0 .0224 
Ib2e 29.9 -4.9 100.0 .0041 
1629 29.9 - 3  180.0 -.0057 
I610 29.9 5.1 180.0 -.0342 
1631 29.9 10.1 180.0 - . 0 3 8 8  
1632 29.9 .O 180.0 -.OObO 
AVERAGF 1 I P  SPEEO @ A l l 0  - -000 
C I F  
-. 1082 











.ooooo . coooo 
.ooooo 











































R I M  
c PM 
-.on24 














C O N F I W R A T l t l N  21  
C Y *  CSF CHI  C T S S l G  
.0286 -.153I 90.9 .OOOO 
. 0286  -.1955 90.0 -3000 
-0286 -.1591 90.0 -0003 
-0335 --1365 90.0 .0030 
.02M - . I 3 1 1  90.0 .3300 
. o 2 ~  -.I358 90.0 .oooo 
.0356 -.in61 90.0 .oooo 
P O I N 1  V .U l  ALPHA 
1633 71.9 .O 
1634 29.9 -10.0 
1635 79.9 -4.9 
1636 29.9 . O  
1131 29.9 5.0 
1639 29.9 0.0 
1631 29.9 10.0 
D F T I  CNF CAF CMSlG 





































. o m  











-.0371 -. 1360 
-.0005 -.I155 
-.0169 -.1721 
170-0 -.a319 -.1251 
170-0 -.0511 --1338 
110.0 -.0134 -.1368 
110.0 -.a379 -.I418 
AVFRACT I I P  SPEEO R A l l l l  I .OOO 4VERAGF YF AOOVF V A L W S  90.0 .no00 .OOOOO -0  156.5 156.5 
RVN 112 COYFlCURATlON 21 
P O l N I  V I K T  ALPHA R E l A  CNF CAF CPM CRM CY* CSF CHI  C T S S l G  CUSS16 V T  0 O S  CVMS t S F S  
1640 79.1 -.O 160.0 
l b 6 I  29.7 -10.0 160.0 
I 6 4 2  29.7 -5.0 160.0 
1643 29.1 -0 160.0 
I644 29.1 5.0 160.0 
I645 29.1 10.0 160.0 
I646 29.8 -.O 160.0 
I V t R A G E  T I P  SPEED 11111') 
-.I241 -.1331 
-.0900 - . I 1 8 1  
-.1225 -.1258 
- - I 1 1 6  -.1218 
-.IO10 -.1349 
-0019 -.I310 
-.I177 - . l M 6  - .ooo 
-0076 -.0082 .Ob87 -.362b 90.0 .OOOO .OOOOO 
-.0068 -.0026 .0151 --4521 90.0 .OOOO .OOOOO 
.0013 -.a054 .0700 -.MOO 90.0 .OOOO .OOOOO 
-0094 -.0084 .Ob93 -.3603 90.0 .OOOO .OOOOO 
-0130 -.0101 .Ob90 -.3635 90.0 .OD00 .OOOOO 
.0128 -.0119 -0763 -.5397 90.0 .OOOO .OOOOO 
-0016 --0082 -0690 -.3615 90.3 - 3 3 0 0  .OOOOO 








0.3  146.9 
144.9 .Ob87 -.3676 
144.9 .0747 -.4421 
145.9 .0708 -.188@ 
165.9 .Ob93 -.3603 
154.9 .Ob9@ -.a635 
155.9 .07b3 -.4397 
145.3 .Ob90 -.36lb 
145.0 1 
RUN 8 3  C O N F I G U I T I O N  21 
P O I N 1  V q K l  ALPHA I E l I  CNF CAF CPM C l M  ClW C B  C H I  C T S S I G  C H S S I G  V l  0 OS CVMS CSFS 
lb47 29.6 -.O 150.0 -.2697 -.I210 
1668 29.6 -10.0 150.0 -.)IO1 -.1229 
1649 29.6 -5.0 150.0 -.3661 -.1255 
I650 29.6 - 0  150.0 -.2699 -.I165 
1b51 29.6 5.0  150-0 -.OS16 -.1208 
I652 ?9.6 10.0 150.0 .IO22 -.I211 
1653 29.9 -.O 150.0 -.2929 -.I346 
-0237 -.0119 .1121 -.6650 90.0 .OOOO .OOOOO 0.0 144.1 144.1 .1121 -.b64@ 
-0175 - . 004b  .1259 -.7161 90.0 .PO00 .OD000 0.3  145.1 144.1 .1259 -.7761 
-0245 -.0015 -1115 --7251 90.0 .OOOO .OOOOO 0.0 144.1 114.1 .LIT5 -.I251 
~0247 -.0119 -1123 -.b649 90.0 -3000 -00000 0.0 144.1 144.1 .1123 -.6649 
.0069 -.0159 .11Rl -.7105 90.0 .OOOO .OCOOO 3.0 141.1 154.1 .I187 -.1105 
'.O282 -.0111 . I 3 8 4  -.MT9 90.0 .COCO .OOOOO 0.3 144.1 145.1 -1384 -.E579 
-0ZCk -.0119 -1145 -.6700 90.0 .OOOO -00000 0.0 146.9 146.9 -1145 -.6780 
AVERAGE T I P  SPEEO R A l l O  - .OOO AVERAGE OF ARWE V U U E S  90.0 .OOOO .OOOOO - 0  145.5 144.5 
7 
R!* 84 C O V l G U R A T l O N  23 











1 6 8 1  1 C . l  
lb88 39.2 
16119 30.0 
l b 9 0  29.9 
I b 9 I  29.8 









. I  -150.0 
. I  -140.0 
- 1  -130.0 
-1 -120.0 
. I  -110.0 







- .I  133.0 
- . I  120.0 
- . I  110.0 
- . I  100.0 
- .I  90.0 
SPEFO R A l l O  
-.0291 
-.Ob87 -. 1255 
.0213 














-.IO11 - .ooo 
















-.4284 -. 1519 
-1 -0291 - I. 1586 






































































































.0140 -. 0467 
-.I193 


































_ _  . . 
.0231 
-0536 




- . L O T I  








.3000 . 0000 
.OODO . OOEO 
.ODOO 
.oooo 









.ooooo . 00000 
.00030 . 00000 
. OF000 
.005k -.0013 .06bS 
-.0052 -.Dl55 .I212 
-so254 - .020b .I911 
-.Obbl -.0231 .24% 
-.ow1 -.om0 .ZM9 
- .OS76 -.0201 .2111 
--002b -.0213 .2593 
-0204 - .0200 .2365 
.OlOI - .ole5 .zoo2 































V t K I  ALCHA BETA 
44.1 .o -180.0 
44.s . I  -110.0 
44.b - 1  -1bO.O 
44.8 . I  -1so.o 
44.8 . I  -110.0 
44.4 . I  -120.0 
44.1 .l -110.0 
44.9 . I  -100.0 
44.9 . I  -90.0 
44.9 - 0  180.0 
44.9 .o 110.0 
44.1 - 0  160.0 
44.1 -.o lso.o 
44.1 -.O 160.0 
44.8 -.O 130.0 
44.8 -.O 120.0 
44.9 -.o 110.0 
44.8 -.o 100.0 
44.6 -.I 90.0 


















































.0388 . O I b P  
.Ob83 
-0113 
-.0011 . 006 I 
-.OOS2 
-.0311 





85 C l l l C l G V e A l l O N  23 
CRM CYR C Y  CHI C T S S l G  
-.0009 .0139 - .007b 90.0 .OOOO 
-0053 -.OS11 .13b5 90.3 -0309 
-0144 - . I 2 2 5  .3790 90.0 .0000 
-0219 -.I897 -6844 90.3 .OJOO 
-0225 -.2395 .9413 90.0 -0000 
-0199 - . 2121  1.1481 90.0 .OD30 
~ 0 2 0 4  -.2812 1.2661 90.0 .OOOO 
.0221 - .2615 1.2106 90.9 - 0 3 0 0  
.0191 -.2040 1.2820 9 C - 0  .OOOO 
-.OOOl .0107 -.0149 90.0 .OOOO 
-.OOlb .Ob15 - . I 1 4 3  90.0 .0300 
-.0162 . I270  -.+IO1 90.0 .0000 
-.0211 -1972 - .1354 90.0 .OOOO 
-.0225 .2S10 -1.00S3 90-0 .OOOO 
- .020S .26bO -1.1565 90-0 .OOOO 
-.0201 -2819 -1.2659 90.0 .0000 
-.0211 .2590 -1.2572 90.0 .OOOO 
-.0192 .233b -1.2366 90.0 .0300 
-.Ole1 .I990 -1 .2124 90-0 - 0 C O O  





















V l  0 05 CVLS CSFS 
0.3 327.4 327.5 .e139 - . o o i $  
'1.3 325.5 325.5 -.CSII . I 3 6 5  
0.0 326.6 325.6 - . I 2 7 5  .3lQ? 
9.0 329.11 329.R -.I097 .bo44  
0.0 329.0 329 .0  - .2395 .Q411 
3 . 3  326.6 326.6 -.7773 1.1401 
0 . 3  327.4 327 .4  -.2b15 1 . Z l C h  
0.0 323.0 373.0 -.2n17 1.2667 
0.0 3 3 1 . 4  331.6 - . ?+I*  1.755.q 
0.3 331.4  331.5 -.zo+(I 1.7871 
0.0 330.2 330.7 .OlCl - . 014 -  
0.0 331.4 331.4  .Ob75 -.I143 
0.0 321.4 121.4 . 1 2 7 C  -.4l)l 
0.7 374.3 3 2 4 . 1  .IO17 - . 7 3 2 4  
0.3 320.2 32n.2 . m i n  -1.0553 
0.0 32n.t. 371.0 .z660 - i . i ~ + ~  
0.3 329.4 379.5 .2019 -1.7f50 
0.0 330.2 333.7 .159R -1 .2512  
0.0 328.6 1 2 8 . 6  .2116 -1.73hb 
0.0 326.6 3)b.b .199b -1.2674 
AVERAGE 1 l P  SPEED R A T I O  * .OOO AVERAGE OF A8OVF VALUES 90.0 .OOOO .OOOOO - 0  320.2 ?29.7 
R W  8 t  cnwiGuuaTioN 2 3  
COINI v , ~ r  ALPHA B E T A  C N F  C A F  CPM CRL cvn CSF tnr r i s s i t  rnsslG v i  o 05 r v w  r s F %  
17s) 44.3 -.O 180.0 e0149 -.0133 -.0039 - - O C O 0  .0125 - .0141 90.0 .OOOO .OOOOO 0 .3  326.6 I7b.C .0175 -.0147 
IlSb 44.4 -10.0 180.0 .0365 - .OS66 -.0190 -.0015 .0229 - .0452 90.3 .DO00 .COO00 3.n 3 7 1 . 4  327.5 -0729 -.Ob57 
LIS1 44.4 -5.0 180.0 -0309 -.Ob24 -.0111 -.0011 .0181 - . 0 2 1 3  90.0 .OOJO .OOOOO 0.9 327.4 311 .4  .PIP1 - .3?73 
11% 44.4 - 0  180.0 .0201 -.Ob41 -.0032 -.0008 .0122 -.O134 90.0 - 9 0 0 0  .00000 3.9 371.4 3 7 1 . 4  .0177 - . 0134  
LlSV 44.4 5.1 180.0 -.0028 -.Ob41 .OOS8 -.DO10 .DO81 -.OlOb 90.0 .OOOO .OOOOC 7 .5  >21.1 321 .0  .00111 - .C1@6 
11bO 44.4 10.0 180.0 - .0202 - .Ob18 - 0 1 4 5  -.OOll .OW6 -.0151 90.3 .OOOO .OOOOO 5.3 321.4  327.4 .OObb -.0151 
AVERAGE I I P  SPEED R A l l O  - .OOO AVERAGE ?F A8OVE VALUES 90.9 -0000 .OOOOO .? 327.2 327.2 
R U N  8 7  C O N F I G U I I I I O N  23 
COIN7 V t K l  ALPHA 8ElA C M  CAF CCM CRM CVM CSF C H I  C T S S I G  C H S S l t  VT 0 O S  CVMS rSFc  
1163 44.5 -.O 110.0 -.021S -.OIL1 .0041 -a0015 .Ob93 - . I 0 3 3  90.0 .OOOO .OOOOO 0.0 329.4 379.4 -0691 -.1013 
1164 44.6 -10.0 170.0 .0141 -.0104 -.0111 --OCk9 -0114 -.2309 90.0 .OOOO .00300 0.0 329 .0  379.8 .0714 - .23PQ 
11b5 4k.b -4.9 110.0 -.OOIC -.0110 -a0042 - -0060 -0137 -.2012 90.0 -0009 .OOOOO 0.0 329.R -29 .8  -0737 -.2017 
1166 44.S -0  110.0 - A 2 4 5  -.OlbS .OOSb -.OOlb .Ob98 - . I 8 1 1  90.0 .9000 .OOOOO 0.1 729.4 329.4 .Cb90 - . I 8 I R  
llbl 44.6 S.1 110.0 -.03S1 -.OlS3 .01S3 --0001 .Ob51 - .I129 90.0 .OOOO .OOOOO 0.0 329.0 329.8 .Ob31 -.I129 
llb8 44.b 10.0 110.0 - .0431 -.OW5 .0201 -.0099 .ObZb -.I1118 90.0 .OOOO .30000 0 . )  329.0 329.0 .Ob26 -.111R 
AVERAGE 1 I P  SPEEO R A I I O  - .OOO AVERAGE JF A8OVE VALUES 90.0 .OOOO .OOOOO .9 329.7 329.7 
L W  88 CONFIGURATION 7 3  
C O I N 1  V . K I  ALPHA BETA CNF CAF CCM CRM CY* CSF C H I  C l S S I G  C H S S l G  V l  0 0 5  T W S  C S F S  
1112 44.5 -.O 160.0 - .Dl33  -.IO28 -.0058 -.OLb2 . I283  -.4218 90.0 .OOOO .OOOOO 0.3 328.7 320.2 . I 2 8 3  -.4210 
1113 64.S -10.0 160.0 .OS90 -.0824 -.0240 -.0101 .I343 -.+?Ob 90.0 .OOOO .OOOOO 0.3 32P.6 370.6 -1353 -A106 
1114 4k.S -S.O 110.0 -.OOSl - . 09S4  -.0011 -.013S . I293 -.4334 90.0 .OOOO .OOOOO 0 .3  329.0 3 2 9 . z  .1299 - .4314 
111s 44.S - 0  1bO-0 -.Dl06 -.098b -.0058 --0162 .I208 -.4223 90.0 .OD00 .OOOOO 0.0 328.6 320 .b  .121)8 - .6273 
Ill6 44.S 5.1 160.0 -.0114 -.0991 .0014 -.0181 -1318 -.4314 90.0 .OOOO .OOOOO 0.3 328.6 320.6 .I310 -.4314 
1171 44.4 10.0 160.0 -.0089 -.0991 .0120 -.0204 . I310  - .45b0 90.0 .OOOO .00000 0.0 327.2 321.4 .I110 -.45b3 
AVERAGE T I C  SPEED R A T I O  - .OOO AVERAGE OF A8WE VALUES 90.0 .OOOO .OOOOO .O 328.4 7711.4 
COINT V I I I  LLCHA 8 E l A  
I180 44.4 .O -110.0 
1181 44.4 -9.9 -160.0 
1182 44.4 -4.9 -1bO.O 
1113 44.4 .I - l b O . O  
1184 44.4 S.1 -110.0 
1183 *4.3 10.1 -160.0 





- . I O S b  .001b 
-.0954 -.OOlO 
-.O+S9 -.0001 . .ooo 
R W  89 C D W l G W A I l O N  2 3  
CPM CRM C W  C Y  CHI C I S S I G  t H S S l G  
.OS22 .0141 - . I 2 3 2  -3161 90.0 .OOOO .OOOOO 
-0711 -0103 -.I444 .4611 90.0 .OOOO .OOOOO 
-043'1 -0122 - . I 3 2 1  -4120 90.0 .OOOO .OOOOO 
- 0 5 4 8  -0142 - . I223  .3130 90.0 .OOOO .OOOOO 
-0586 -0161 -.113b . M O 3  90.0 .OOOO .OOOOO 
.os11 -0171 -.IO16 -3101 90-0 .OD00 .DO000 
AVERAGE OF ABOVE VALUES 90.0 .OOOO .OOOOO 




327.0 321.0 - . I237  - 3 l E P  
127.4 321.4  -. I444 .4b'?I  
321.+ Z21.4 -.I121 .412P 
0.0 321.0  321.0 -.I136 -3bC1 
0.D 32b.Z 376.7 -.IO70 . 3 1 * l  
0;O 327.0 3 n . r  -.in3 . 3 n c  








S O I N T  V,aT 4 L C W  
I 7 9 6  29.6 -.O 
RUN 9 0  CONFIGURITION 24 
R E T 4  CNF CAF CPM CRM CVM CSF CHI  C T S S I G  C H S S I G  
180.0 -.OIO7 - . 0 9 2 8  .09?0 -.0004 .0034 .0010 90.0  . O D 0 0  .OOOOO 













I 8 1 0  29.3 
1811 29.9 
1812 29.9 
I 8 1 3  29.9 
1814 29.8  
I 8 1 5  29.1 
-0 -110.0 







-.O -90 .0  
-.O 180.0 
- .O 170.0 
- . I  160.0 
- . I  150.0 
- . I  140.0 
- . I  130.0 
- . I  120.0 
- . I  110.0 
-.I 100.0 
-.2 9 0 . 0  
A V E R 4 G F  T I P  S P E E O  R 4 T I q  
P O I N T  V . l T  4 L W A  B E l A  
L E I 8  44 .1  - .o 100.0 
1819 66.2 -0 -170.0 
1820 44 .5  . O  -160.0 
I822  44.7 .O -150.0 
1824 54 .2  -0  -130.0 
1825 44 .1  -.O -120.0 
1826 54.6 0.0 -110.0 
I 8 2 7  44.2 -.O -100.0 
1828 54.7 -.o -90.0 
1829 45.3 -.o 180.0 
1830 44.4 0.0 170.0 
1831 44.3 -.O 160.0 
I 8 3 2  44.6 - . I  150.0 
I 8 3 3  44.5 - . I  140.0 
1834 44.3 - . I  130.0 
1835 44.5 - . I  120.0 
1831 46.4 - . I  110.0 
1838 44.5 - . I  100.0 
1139 44.3 -.2 90.0 
1023 44.6 .o -140.0 
LVERAGE T I P  SPEEO P A T 1 0  
-.OM25 
-.IO79 
-1236 - .09l4 -. 1996 . IO 28 
-.0273 








-.I365 -. I209  



















- . I O 3 5  
CNF C 4 F  
-0039 -.Ob55 
-.0707 -.0470 
-1169 . O W 6  
- . I173  .Ob01 
- . I800  .OI85 
- 1 2 1 9  .0226 
-.0081 -0275 
- - 0 3 2 3  .0367 
-1184 -.0206 
.OIL3 -.07?1 
-.0861 - .OB63 
-.0407 -.0720 
-0960 -.0714 
- + I 3 8 6  -.OS63 
.0252 - . I O 2 1  
- .I359 -.0914 
- . I 3 1 0  -.Ob37 
.0442 -.IO25 












. o m 8  
.0292 
.0198 













- 0 2 5 4  -.2859 
-0265 -.2721 
.0238 -.2470 
-0198 - . to19 
- .0004 .0014 
-.OW3 -0634 
-e0155 -1290 






- .0188 .I918 






































































.ooooo . 00000 
.ooooo 
.ooooo 





RUN 91 CONFlGUlllT ION 24 
CPM C R W  C V M  CSF CHI rrssic cnss i s  
.0035 -.0003 .0035 -.0080 81.0 .0131 - . O L D 5 4  
.02b2 - 0 0 5 8  - .Ob08 -1409 81.4 .0127 -.01084 
- 0 5 7 5  -0161 -.I302 .4019 81.8 . O l I 8  -.01111 
-.0019 - 0 2 3 9  -.2078 . 7 l l 9  82.7 .0109 -.01059 
-.0280 -0263 -.2539 .9960 03.7 .0094 -.00919 
- -3013 - 0 2 4 1  -.2(139 I.21bO 04.3 .0085 - .00808 
-.0491 -0251 -.2815 1.7121 84.6 .OOOO .OOOOO 
- - 0 2 5 8  - 0 2 6 6  -.2721 1.2885 85.0 .OOOO .OOOOO 
-.0136 .0199 -.2017 1.2605 85.9 .OOOO .OOOOO 
- 0 9 5 5  -.OOCO .OOOO -.0100 87.2 .OOOO -03300 
.0281 -.0068 -0670 -.I751 90.0 .OOOO .OOOOO 
.OI80 -.0164 . I 3 2 0  -.4285 72.9 .0734 -.00956 
- . 0330  -.0237 .2029 -.7731 73.8 .0226 - .00600 
- . 0 4 8 l  -.0247 -2472 -1.0156 76.3 .0270 - .00401 
-.OlC9 -.0225 .2726 -1.2148 74.8 .0212 -.00125 
-.Ob35 - .0238 .2770 -1.2665 15.5 .e206 .00135 
-so194  -.0252 -2624 -1.2664 76.2 -0197 .00371 
-mol22 -.0222 .2356 -1.2517 76.9 .0189 -00576 
-.0345 --Ole6 -1931 -1.2571 77.8 -0178 .00728 
AVERAGE OF I B W E  V 4 L U E S  80.8 .OIlb - .00319 
-. o o i s  .0239 -.2+82 1.2669 115.5 .ooon .ooooo 
V T  0 
0.3 145.7 
0.1 145.3 







0.9 145.3  
0 . 3  149.2 
0.7 146.5 
0.0 146.1 




















































a s  C V M S  C S F S  
145.7 .0034 .0910 
145.3 -.0598 .14P3 
145.7 - . I357  . + I 5 3  
145.3 -.7055 .7451 
143.3 - .2483 I . @ Z b 7  
143.1 - .703C 1.243b 
144.5 -.2721 1.2889 
144.5 -.7470 1.7671 
145.3 - .2019 1.2695 
169.2 .001'. - . g o 5 7  
116.5 .PO34 - . I 6 1 5  
1 4 6 . 1  . I290 -.4?Oc 
144.9 - 1 9 0 9  - .7510 
142.9 .2135 -1 .0431  
148.5 .2693 -1.216n 
148 .5  .2595 -1 .24Pl  
147 .3  .7370 -1.2449 
146.5 - 1 9 1 P  -1.2300 
145.8 
145.5 -.2n59 1.2830 
148.5 .ZIDR - 1 . 7 4 1 ?  
os r w s  
501.7 .0?23 
4 R 2 . 9  --.04FQ 
480.6 -.OW7 
473.6 - . I456  
4 4 9 . 8  -.le51 





341.7  .09OC 
629.8 .Ob87 
623.5 . I073  
614.2 . I124  
600.4  . I 4 1 9  
596.2 -1528 
'127.0 .06m 
503.7 . i 4 7 4  
574.n . 1 3 v  
557.6 . I131  
4 7 %  9 
f S F t  
-.01<3 
.0947 
. 2 7 3 8  
.4907 






-.I751 -. 222@ 
-.coo9 - .5*39 -. 6593 -. 6989 
- .7117 
-.7106 -. 1365 
- . c i o n  
R U 4  9 2  C O N F l C U R I T l O N  2 1  
POINT v.aT ~LPHI RETI CNF C A F  CPM C R M  C V M  CSF CHI crssic cnssic v i  n os CY*<  C S F S  
1844 46.6 -0 180.0 .0012 -.Ob42 -0013 - .0003 .0030 -.0057 90.0  .OOOO .OOOOO 0.0 327.4 327.4 .@@30 -.J057 
I 8 4 5  44.4 -9.9 110.0 .0808 -.0304 -.Ole7 -.OOOO -0044 -.0099 90.0 .OOOO .OOOOO 0.0 127.4 327.4 .0044 -.DO99 
I846 45-11 -4.9 180.0 -0464 -.0511 -.0177 -.OOOl .0047 -.0370 90.0 -0000 .OOOOO 0.3 327.4 327.6 -0047 - .0570 
1841 44.4 .O 180.0 -0038 - .Ob00  .0044 - s o 0 0 3  -0032 -.OM3 90.0 -0000 .OOOOO 0 .0  321.0 327.C .OP32 - .0043 
I848 44.7 5.1 100.0 -.0354 -.Ob55 -0241 -.0005 -0032 - -0064 9 0 - 0  .OOOO .OOOOO 0.0 332.1 332.1 .Or317 - . g o 6 4  
1849 46.6 10.0 180.0 -.0136 - s o 6 3 2  ~ 0 3 9 9  -.0004 .OW0 -.0064 90.0 .DO00 .OO@00 0.3 330.2 33C.7 .OO20 -.0064 
4 V L R 4 G F  T I P  S P E E O  R 4 T l O  - .OOO 4 V E R I G E  q F  ABOVE V A L U E S  90.0 .OOOO .OOOOO -0 328.6 328.6 
RUN 9 3  C O N F I W R I I I O N  24 
POINT v.aT ~ L P H I  L E T &  CNF C A F  CPM C R M  CVL CSF CHI C T S S I G  rnsslt  V T  a os CV-S C S F C  
1052 46.6 0.0 170.0 - -0905 -.0011 - 0 2 7 4  --OOb8 -0677 -.I655 90.0 -0003 .00000 3.0 329.8 379 .8  -0677 - . Ib5-  
1853 45.4 -10.0 170.0 -.0413 -.Ob94 . O O O l  -.0046 .0905 -.2505 90.0 .OOOO .OOOOO 0.0 327.4 327.4 .00@5 -.2555 
1854 44.3 -5.0 17C.O -.0794 -.0146 .0178 -.0055 .0799 -.ZOO9 90.0 .3000 .00000 0.0 376.6 326 .6  .0790 -.7qR9 
1855 44-4  --0 170.0 -.OW5 -.0175 -0786 -.0070 -0686 -.I694 90.0 .OOOO .OOOOO 0.0 327.0 327.C . 0 6 R b  -.I694 
1856 4 4 - 4  5.0  170.0 - - 0 9 6 b  - .0815 - 0 3 9 4  - . O C I Z  -0604 -.I557 90.0 .OOOO -00000 0.0 327.4 327.4 . O W 4  - . I 5 5 7  
1857 4 4 - 6  10.0 170-0  -.I249 -.0061 -0572 -.0094 -0577 - . I 6 3 1  90.0 -0000 .OOCOO 0.0 127.0 377.n .0517 - . I 6 3 1  






RUN 94 C O N F I G v l A T l O N  24 
CPM CRM CVM c y  C H I  C T S S l G  C H S S I G  
-0170 -.Olb3 -1320 -.+147 90.0 .OOOO .OO@OO 
-.0018 -.012S -1S21 -.k.Yb3 90.0 .r)OOO .C0300 
.OOS7 -.Olkb .1419 - . 44bb  90..0 .OOOO .OOOOO 
-0173  -.Olbb .1334 -.4196 90.0 .COO0 .OOOOO 
-0334 --Ol83 .I210 -.4208 90.0 .OOOO .OOOOO 
.0477 -.0194 .I213 -.44b9 90.0 - 0 3 0 0  .OOOOO 
AVERAGE I F  ABOW VALUES 90.0 .0000  .OOOOO 
C O I M T  V t l T  A L M A  8ETA CMF CAF 
la58 44.3 -.O lbO.0 -.Ob41 -.OW5 
1859 44.4 -10.0 160.0 -0693 -.OS08 
lab0 44.4 - L O  lbO.0 -.0088 -.Ob42 
l ob1  44.3 -.O lbO.0 -.0402 - .0104 
lab2 44.S S.0 110.0 -.0777 -.0798 
1843 44.S 10.0 lbO.0 -.Ob80 - . 0 8 S 9  
AVERAGE T I C  SPEED R A T I O  - .OOO 
VT 0 
0.0 325.11 
0.0 3 2 7 . 0  
0.0 327.4 
0 . 3  .32b.b 
0.0 321.2 
.3  321 .2  
0.0 321.2 
OS CYMS C S F 5  
325.8 -1329 -.41+7 
327.C .1521 -.Cob3 
371.4 .I419 -.64bh 
320.6 - 1 3 3 4  - . + I 9 6  
321.7 .I783 -.'+?JP 
728.2 .I277 - .44b9 
327.2 
R U N  95 CONFIGURATlON 24 
CPM C R M  CY# C I F  C H I  r T S S I G  C H S S l G  
. O S 6 2  .0159 - . I 3 1 5  .+Ob0 90 .0  .OOOO .0@010 
.0302 -0124 - .1b17 .5043 90.0  .OOOO .OD000 
.0482 .0140 -.lS22 . 4443  90.3 .OOOO .OOOOO 
.OS73 .OlbI - . I 3 9 8  .+On1 90.0 .OOOO .OOOOO 
.Ob70 . 0 1 7 1  -.1215 . 3 0 3 l  90.0  -9000 .OD000 
. 0 8 l 5  .0181 -.1207 . 3152  90.0 .0000 .OOOOO 
AVERAGE OF &OWE V A L U E I  91.0 .9930 .OOOOO 
POINT v , n l  ALPHA BETI CNF CAF 
l ab4  44.S -.O -1bO.O -.11b9 -.0106 
18bS 44.b -10.0 -160.0 .0019 -0330 
l ab4  44.b -S.O -lbO.O -.0849 .0111 
1861 44.b - 0  -110.0 -.IO13 -.OOOO 
lab8 44.S S.1 - lbO.O -.11S9 - . O I L 7  
lab9 44.5 10.0 -1bO.O -.I111 -.0231 
AVERAGE T I P  SPEED R A T I O  .OOO 
VT 0 





.o  129.4 
0.0  330.2 
O S  C V U I  CSFq 
121.7 - . i 3 . m  . * o w  
329.Q -.1617 . 5043  
330.2 -.1527 . 4 4 4 3  
3 3 0 . 7  - . 1 3 9 R  .)OR1 
329.0 -.i2n5 . w 3 i  
129.0 -.izm .3n57 



































0 . 3  326.7 
0.3 328.6 
0.3  327.0 
3.0 378.2 
0 .7  3 2 9 . 8  
O.@ 328.6  
0.9 327.4 
0.0 177.4 
0.0  32a .7  
0.3 3 m . 2  
-0 321.0 





































45.2 - . I  
4s.3 - . I  
45.2 -.I 
4s.2 - . I  






































-.llb4 - -24bk 
-.le42 -. 1910 























- .OOOl  
. 3 M 9  
.O141 




- 0 2 0 3  
-0209 
-0191 







































I . 2538  
I. 2377 
1 .2731  
- .OIS4 -. l7b4 






































































329.8 . 0020  -.DO71 
378.2 - .C590  . I 3 8 9  
12S.8  -.I794 . 3866  
329.0 -.1798 .3862 
327.0 -.2015 .7983 
325.1 -.254n . ~ 3 4  
326.6 - . 2n34  1 . 7 0 ~ 0  
328 .6  - .?n' l i  i.nv 
329.4 - .2594 1 .7518 
328.2 -.21S9 1.2377 
329.0 -.2ObO 1.2737 
320.6 .@005 -.Ol5C 










.1123 - . 4212  
.Z'J!36 - .751? 
.25bC -1.02Q5 
.2827 - 1.2377 
. 2835  -1.2116 
- 2 5 b 2  -1.2Sl1 
.2729 -1.2372 
.7F55 -1. I714 
328.0 

















AVERAGE 1 I P  SPEED R A T I O  - .OOO 
nu& 97 
CPm C R M  
-. 0003 -. 0001 
-.0138 -0000 
- . O D 7 1  -.0001 
.ooos -.OOOl 
.007b - e 0 0 0 3  
.0141 - .0003 
- .0002 -.0001 
CONFIGURATION 22 
CYM CSF C H I  C T S S l G  C H S S I G  
-0027 - .OW5 90.0 .OOOO .OOOOO 
.0045 - .0088 90.0 .oooo .ooooo 
.003S -.OOb7 90.0 .OOOO .OOOO@ 
-0026 - .004S 90.0 .OOOO .OOOOO 
-0024 -.OObl 90.0 .OOOO .OOOOO 
-0016 -.0118 90.0 .OOOO .OOOOO 
-0023 -.OW6 90.0 .OD00 .OOOOO 
POINT v,nT ALPHA  ETA CNF CAF 
1941 4S.l -.O 180.0 -0004 -.Ob38 
19M 4S.2 -9.9 180.0 -0333  -.0411 
1949 45.2 -5.0 180.0 -0130 -.0521 
1950 45.2 - 0  110.0 -0031 -.OS18 
IPS1 4s.2 s.0 180.0 -.0144 - .OS84 
1992 4S.Z 10.1 180.0 -.0294 -.Ob21 
1953 45.1 -.O 180.0 .0004 -.Ob38 
AVERAGE T I C  SPEED R A T I O  * .OOO 





.CJ24 - . r )Qbl  
.0016 -.0111) 








AVERAGE I F  ABOVE V A L W S  90.0 .OOOO .OOOOO .3  327.5 




. O I b l  
- 0 2 2 3  
e0273 
.03Il 
- 0 2 1 6  






- . O C 7 9  
-.0094 - .00b4 
CONFlG(IRA1 ION 22 
CY* CSF C H I  C T S S I G  
.Ob52 -.1b81 90.0 .OOOO 
.on20 -.25'19 90.0 .0000 
.OW6 - .20*3 90.0 .OOOO 
.Ob55 - . I671  90.0 .OOOO 
-0581  -.1S17 90.0 .OOOO 
-0556 -.lbVS 90.0 .OOOO 
.Ob13 - . l b 9 1  90.0 .OOOO 
C O I N 1  V . l T  ALCHA B E T A  CWF CAF 
1-94 4S.O - -0  170.0 -so840  - .0130 
I955 45.2 -10.0 170.0 -.0447 -.OS84 
195b 4S.2 -S.O 110.0 -.0741 -.Ob13 
1-51 45.2 . O  170.0 -.0833 -.Obbb 
19Sa 4S.2 S.1 110.0 -.07Sb -.@blb 
I959 4S.2 10.0 170.0 -.Ob21 - .0700 









vr  0 







C Y M S  C S F I  
.Ob52 -.lbRl 
.074b -.IO43 
. O M 5  -.1b71 
- 0 5 5 6  -.1695 
.002n -.?$e9 
.n980 - . i - i ~  
.ob63 -.ib9n 





aw 99 C O Y  I G U R A T I O N  2 )  
PO1111 V.RI ALPHA 8 E l A  CNF CAF CPM CCM CY* CSF C H I  C l S S I G  C H S S l G  VT 0 OS CVMS CSFS 
I968 4 5 . 2  -.O 160.0 -.0862 -.OW26 .0248 -.0153 -1336 -.4I84 90.0 .OOOO .OOOOO 0.9 328.2 328.2 . I336 -.4104 
I969 4 5 . 3  -10.0 160.0 -0139 -.OS31 . 0 0 7 2  -.OLOl -1541 - A 7 5 0  90.0 .OOOO .OOOOO 0.0 329.0 329.0 .I441 - . 4 7 5 0  
1910 4 5 . 3  - S - 0  160.0 - . 0 5 1 4  -.Ob11 . 0 1 7 4  -.0129 -1376 -.4399 90.0 .OOOO .OOOOO 0.0 329.0 329.0 . I 3 7 6  -.4399 
1911 45.3 - 0  160-0 -a0825 - . 0 7 2 8  . 0 2 5 8  -.9155 -1343 -.4203 90.0 .OOOO .OOOOO 0.3 329.4 329.4 - 1 3 4 3  - .4203 
1912 45.7 S.0 160-0 --Ob21 - .0732 -0262 - .017b -1315 -.4280 90.0 .OOOO .OOOOO 0 . 3  329.4 329 .4  -1314 -.4280 
I973 45.3  10.0 160.0 -.OlS5 - .0170 -0291 -.0191 -1321 - A 5 6 9  90.3 .O@OO .E0000 0.5, 329.0 329.0 -1321 -.4569 
1974 45.3 -.O 160.0 - .0858 -.0190 .O251 -.OLS3 -1335 -.4160 90.0 .OOOO .OOOOO 0.0  329.0 329.0 -1335 -.+I60 
A V F R A G E  T I P  SPEFO R A T I O  = .OOO AVERAGE ? F  ABOVF VALUES 90.0 .0000 .OOOOO -0 329 .0  379.0 
R U N  100 C O N F I G U R A T I O N  2 7  






















150 .0  
.0372 - . 0 7 7 6  - .0002 -.0214 
.0840 -.0501 - . 0 2 1 G  -.0163 
.Ob13 - . 0 5 9 3  - . 0 1 3 4  - . ’J189 
.0319 - .0715 - .0073 - .0213 
.0139 - .OB01 -.0310 - . 0 2 3 1  
.0511 -.0055 . 0 0 7 9  -.0250 





- 2 1 3 5  
-. 7632 



































330 .2  
330.2 
3 3 0 . 7  
330.2 
- 2 0 7 3  . I990 
.2125 
. Z O W  








1981 4 5 . 3  -.I 150.0 .0345 - .0713 - . O W 4  - .0213 - 2 0 6 9  - .7608 90.0 .DO00 .OOOOO 0 . 3  330.2 330.2 .?Ob9 - .7630 
A V E R I C E  T I P  SPFEO P A l l f l  - .OOO AVERhGF 1 F  ABOVE VALUFS 90.0 .a003 .OOOOO - 0  329.9  329.9 
R U N  IO1 C 0 N F I G U ) A T I O N  21 
P O l N l  VlKI ALPHA BETA CNF CAF CPW CRM C Y *  CSF C H I  C I S S I C -  C H S S l G  VT 0 OS CVMS C S F 5  
2015 45.? -.O 180.0 .DL09 -.Ob81 .0005 -.0001 .0014 - .0007 90.0 .OOOO .OOOOO 0.3  328.6  320.5 .OD14 -.OD07 
2016 55.3 -10.0 100.0 .OZSI - . 0 5 7 9  -.0130 .OOOO .OOlO - . 0031  90.0 .OOOO .OOOOO 0 . 3  130.2 330.2 .@*lo -.0071 
2011 45.4 -5.0 110.0 .0206 - .0539 - .0063 -.OOOO -0016 -.0031 90.0 .a000 .OOOOO 0.0 330.6 330.6 -0016 -.0071 
2018 45.3 .O 180.0 .Ol09 - .Ob03 - 0 0 1 5  -.0001 .0018 -.0019 90.0 .OJOO .OOOOO 0.0 330.2 333.2 .0018 -.0019 
2019 55.4 5 . 0  110.0 - .0776 -.Ob51 .0084 -.0003 .0021 -.0068 90 .0  .OOOO .OOOOO O.@ 330.6 330.6 -0021 -.no68 
2020 45.4 10.0 110.0 - .0260 -.Ob52 -0153 -.0005 .0016 -.0051 90.0 .9OOO .OOOOO 0.0 331.0 331.0 .0016 -.0051 
2021 4 5 . 4  - . O  180.0 .0109 -.Ob71 -0006 -.0001 -001k -.0007 90.0 .OOOO .OOOOO 0.0 310.6 330 .6  -0014 -.OW7 
AVEPAGF T I P  SPEEO R A l l O  - .OOC AVERAGF r lF 48WE VALUES 90.0 .OOOO .OOOOO .O 330.2  330.2 
RW 102 C O N F I G U R A T I O N  21 
POINT V.KI ALPHA B E T A  CNF CAF CPM CRU CVW CSF C H I  C l S S l G  C H S S l C  VT 0 OS CVMS CSFS 
2022 45.2 - . O  1 7 0 . 0  -.OLIO - .0704 -0014 -.0038 .0289 -.I199 90.0 .OOOO .OOOOO 0.0 328.6 72R.6 .0?89 -.I199 
2023 45.2 -10.0 170.0  -.0194 -.059t - . 0 0 0 0  - .0003 .0313 -.I851 90.0 .OOOO .OOOOO 0.3 328.6 328 .h  .0713 -.lo51 
2024 45.2 - 5 . 0  170 .0  -.0141 -.Ob23 -.OD29 - .0022 -0297 - . I572  90.0 .OOOO .OODOO 0.0 328.6 328.6 .0291 -.1477 
2025 45.2 - 0  170.0  - .OI72 -.Ob50 - 0 0 1 9  - .0030 -0290 -. I199 90.0 .DO00 .OOOOO 0.) 128.6 320.6 -0290 -.1199 
2026 k5.2  5.1 1 7 0 . 0  -.On33 -.Ob96 - 0 0 8 3  - .0051 -0303 -.I206 90.0 - 0 0 0 0  .OOOOO 0.0 320.6 328.6 .0703 -.IZnI, 
2 0 2 7  45.3 10.0 170.0  .0029 - + 0 7 3 9  .0126 - . 0 0 6 5  - 0 3 6 7  -.1554 90.0 -0300 .00000 0.1 32P.O 329.0 .OW7 -.I554 
2028 k5.2 -.O 170.0  -.0197 - . 0133  .0017 - .0038 -0290 -.I199 90.0 .OOOO .OCOOO 0.0 318.6 320.6 -0790 -.1199 
AVFRAGE 1 l P  SPEFO RAT1’1  - -000 AVERAGE OF ABOVE VALUES 90.0 .ooao .ooooo .o 728.7 328.7 
7 
R U N  103 C O Y F I G U R A T I O N  21 
POINT V.111 ALPHA B E l b  CNF CAF CPM CRM C V L  C Y  C H I  C T S S I G  C H S S l G  VT 0 OS CVMS C S F S  
2029 4 5 . 0  - .J  160.0 
2030 45.1 -10.0 160.0 
2 0 3 1  45.1 -5.0 160.0 
2032 55.1 -0 160.0 
2033 45.0 5.0 160.0 
2034 55.0 10.0 160.0 
2035 45.0 - . O  160.0 
AVFRAGE T I P  SPFFD R A l l l l  
- .0732 -.Ob54 
-.Ob69 - . 0 5 0 2  
- .0965 -.0563 - .Ob99 - . 0 5 7 5  
-.I315 -.Ob33 
.OOlO -.0711 
- .0729 - .Ob62 - .ooo 
-0538 - .0092 
‘ - 0095  - .0032 
-0005 -.0061 
.0041 - . 0 0 9 4  




- 0 6 6 7  -.3119 9 0 . 0  
. 0 7 4 6  -.+I73 90.0 
-0690 -.3704 90.0 
.Ob73 -.3334 90.0 
.Ob92 -.3Sl3 90.0 
. 0 7 8 2  -.4151 90.0 
.Ob74 - .3313 90.0 

































325.5 -0667 - . 3 3 1 9  
326.2 .(1746 -.4173 
326.2  .Ob00 -.37OC 
326.2 - 0 5 1 3  -.3334 
3 2 5 - 5  -0692  - 3 5 1 1  
325 .8  .Or82 -.4151 




RUN I04 C f l N F l W R A T I O N  41 
CPM CRM CVM CSF C H I  C T S S I C .  CHSSlG VT POINT V . K 7  ALPHA 8E7A CNF CAF o a s  cvms 
36.6 268.2 -.0127 
3 5 . 1  768.R -.0206 
36.2 269.0 - . 0 2 T 8  
36.6 269.0 -.OW0 
36.6 7h7.6 - . O S 0 1  
36.6 2 6 6 . 4  -.C488 
36.2 765.3 - . O K 9 2  
35.8 265.1 - ,066r) 
35.1 2 6 7 . 9  - .0120  
37 .8  769.4 -.0130 
3 7 . 8  268.9 -.PC79 
37.8 2b9.7 .OD115 
3 7 . 4  2 6 R . O  .a202 
36.6 266.r) .e341 
3h.6 765.7 -0491 
36.5 767.1 
34 .7  263.1) - . o w 6  
C SF < 
-0791 




. 3 3 P h  
.426' 
- 5 7 6 4  




- . I 3 1 9  
- . 2 4 1 7  
-.7341 
.50zc 
C S F S  
.n=,vr 
. i n 1  I 





.5773 . 6 4 4 4  
.0595 
..c17- 
- . 3 9 1 4  
- . I 8 2 5  
-.771L 


















. O  -170.0 
.O -160.0 
. O  -150.0 
.o -140.0 





- .o -180.0 
-.o 170.0 
- . O  160.0 
- . I  150.0 
- . I  140.0 
- . I  130.0 
.0144 - . I 9 2 0  
-.I242 -.I200 
- . W O O  -.I411 
.0144 
. I 2 6 5  
. I 3 0 2  
.0885 
.0499 
.0029 -. 003 1 - .0042 
-.Ol42 
.on20 




- 1 0 1 3  
. ow9  
.0249 -.0930 
.0327 -.I548 
.0328 - . 206b  
.0320 -.2496 
.0360 -.2975 
3 4 5 0  -.3544 
-0542 - . 4 3 3 3  
.Ob56 -.4819 
.0790 -.5478 
.0882 - .bo43 
-0243  -.0925 


















- 1.75 14 
- 2 .  4230  
- .90r+ 
44.5 
4 3 . 9  
44.1 







45 .0  
45.1 
4 5 . 0  
44.9 
44 .4  
44.3 












. 0 4 5 9  
.0456 
.Ob55 
. w 5 n  
.00150 










. O O l b O  
.00165 
.DO173 


















- .532* -.I417 
-.5020 -.I911 
-.2159 - . 2 4 4 1  
.0940 -.2322 
.7460 - . I790  
A 0 7 7  -.0909 
.b510 .0402 
,0615 - .Ob43 
- . 0 2 0 0  - . I 2 6 3  
-.2l45 -.1121 
- . 3 2 1 2  - . I 0 1 9  
- . 2 9 2 3  - .2066 
-.0987 - .2216 
AVERAGE 7 I P  S P E E O  R A l 1 0  - .040 
RW 105 CflNFICl l lRAl lr lN 41  


















V.KT 4 L P H 4  B E T A  
20.1 .o 180.0 
20.2 . O  -170.0 
20.1 -0 -160.0 
20 .0  . I  -150.0 
26.0 .o -140 .0  
19.9 . O  -130.0 
19.8 .o -120.0 
19.1 .o -110.0 
19.6 .O -100.0 
19.4 - .O  -90.0 
20.2 -.o 180.0 
20.2 -.O 110.0 
20.2 - . O  160.0 
20.1 -.O 150.0 
20 .0  -.J 140.0 
19.9 - . I  130.0 
A C T  7 1P S P E E O  P A T  10 
CNF 





-.I801 -. 1578 
- . I 1 3 1  - .0809 
.I491 
.0971 
.0061 -. 1900 














- . I 2 0 9  
-.1695 
- . Z O O 6  
- . 2 1 3 0  
- . 2041  
- . 2 0 2 7  
Q O S  C V Y S  
6 5 . 4  313.1 - . 0 0 8 7  
66.2 313.9 - .PI73 
69.4 312.5 - . C Z h 9  
h5.n 3 l Z . C  - . 9319  
65.0 3 3 9 . 4  - . 0 3 Z P  
63.8 707.1 - .3749 
63.4 300.0 - .C403  
62 .6  704.7 -.Ob54 
6 7 . 2  303.0 -.0199 
CI.1 302.1 -.O<PI 
66.2  311.9 - . 0078  
6 6 . 2  311.4 .CL132 
W.2 311.6 .0159 
65.4 31o.c . P ~ R O  
6 5 . 0  *on.? . o w 5  
63.8 308.8 .0504 




















. 0316  











- . 0 3 0 9  
- .0819 -. 1282 
- . I 6 2 8  
- . I560  
- + I 6 7 9  
- . I 9 4 3  
- . 2208  




-0749 . I 3 2 9  
+ I 9 2 6  
.24*1 
. 2 8 3  I 









- .4396 -. 8653 
-1.2897 
-1.6548 

















. 0485  
.a416 
. 0 4 8 6  
. 0 4 8 b  
.0481 





. 0404  
. O C R 5  
. 0 4 8 7  
.0405 
. ? 4 n o  
.04n3 
































1 AVERAGE 1F AOOVE V 4 L U E S  54.5 - 0 4 0 2  .00214 193 .0  64.6 3 3 9 . 0  
RUN 106 
CPM CRM 







- 0 4 3 3  -9384 
-0279 .0430 
.o144 . a 4 7 2  
.OW1 .')090 
.0117 -.0137 
. 0 1 3 T  - .0745 
.J062 - . J 3 4 0  
- . o m 1  - . C I E I  
. O h 2 6  - .?I78 
I V F R 4 G F  ' 
. o o w  -.0021 
CflkF I W R A T  
CVM CSF 
-.0210 . I756  
-.0514 .4002 
-.LO21 .7192 
- . I 4 3 1  .9520 
- .I654 1.1367 




- . I 6 9 2  2.1798 
-.0192 . I 2 8 0  
. 0 l 7 l  - . I 1 4 8  
. I 6 6 6  -.3913 
- 1 2 0 5  -.7110 
.I670 -1.0455 . I899 -1.3074 
-2177 -1.6099 
QF ABOVE V A L U F S  
I f l N  C 
C H I  
6 2 . 8  
62.9 




61  -9 
62.3 
6 2 . 3  
63.8 






6 2  .I 
6z.n 
I 






. 0 5 l 5  
-0512 
. W I Q  
.os12 






. " 5 I T  
.051C 
-0516 
P O I N T  V I K T  ALPHA B E T A  CNF CAF 
2115 25.2 0.0 180.0 .I812 -.0969 
2116 25.2 .I] -170.0 . 2 l I I  - . O W 1  
2111 25.1 - 0  -160.0 . I545  -.0004 
2110 25.1 . O  -150.0 - .2233 -.a023 
2119 25.0 . I  -110.0 -.577b -.0174 
2120 24.9 -0 -130.0 - .3019  - . I258  
2121 2 4 . 0  .o -120.0 -.OPUl - . 2 4 ? 7  
2122 24 .6  - 0  -110.0 - .0783 - .2668 
2123 25.0 - 0  -100.0 -.I474 - . 2 1 8 b  
? I 2 4  25.2 0.0 -90.0 -.3150 -.1910 
2125 2b.O - . 3  1RO.C .I075 -.a722 
2126 25.5 -.O 170.0 . I S 6 0  - .0978 
2127 25.5 -.O 163.0 . O R 8 9  - . I215  
7128 ? 5 . 4  - . I  I5J.O -.O5Ch -.12hC 
7129 2 5 . 2  - . O  140.0 -.2146 - .I753 
2130 2 7 . 0  - . I  17O.C -.b375 - . I457  
2 1 3 1  2 5 . ' )  - . I  120.0 -.n5vc - . 1 3 2 7  
AVEPAGF I I P  SPFED R L T I O  - .Ob8 
C H S S I C  
.00340 
.00349 







. 00220  
.I)C184 


















1 9 O . Q  
19q.9 
l Q l . 0  






















I or. Q 
102.5 
o s  r v y s  
360.0 -.0061 
3 5 9 . 7  - . O I L 5  
358.5 - . 0292  
358.8 - . % O B  
357.5 - . 0468  
3 5 4 . 0  -.C475 
352.3 -.0424 
3-0.n - . r415  
353.8 -.06C3 
3 5 6 . 5  - . M E R  
369.6 - . @ 0 5 1  
' 6 1 . 5  .0197 
' h > . 8  . C W 9  
75g.7 .0462 
750.7 . -h lL  
3 5 8 . C  
367 .2  . o -w  
-5 i .2  .:53n 
C SF 
.I3387 . ~ 
.1171 
.2054 - 771 7 
.171a 
.1711 
. 4 7 1 4  
. 5 @ 4 1  
.516h 
. 6 2 8 5  
.1179 -. ?3'< 
-. 7 @ 5 7  
-.le30 
- . 4 1 7 7  
-. I I 5-7 





E l i  E II E li 
APPENDIX 
R U N  I 0 1  C O N F I W S A T I O N  41 










































- 0  -170.0 
0.0 -160.0 
- 0  -150.0 













- . I  110.0 
- . I  100.0 
- . I  99.0 
. I680 
-7041 
. 2 l W  
.0331 
-.4033 -. 1009 
-.zoo2 
-.I341 









- . 5 0 2 l  
-.5596 





-0192 - .0063 
-.1150 
-.0754 -. 1816  
-.I933 
- . I 8 6 2  
--I161 




- . I 2 4 1  -. I242 
-.I028 
-.093P 


























-1151 . I686 
-0836 
.0284 
AVEPAGE 1 I P  SPEED R A l I O  I . O B 2  
P O I N T  VIKT LLPUA 0 E T A  
2206 30.3 -.1 160.0 
2207 30.3 -9.8 160.0 
2708 30.4 -5.0 160.0 
2209 30.6 -0  163.0 
2210 30.4 5.1 160.0 
2211 30.5 I0.J 160.0 
AVERAGE 1 I P  S P E E D  P A T I O  
P O I N T  VeNT ALPHA I IETA 
2219 30.4 .'J -160.0 
2220 30.4 -9.9 -160.0 
2221 30.3 -5.9 -160.0 
2272 33.4 - 0  -160.0 
2223 30.5 5.1 -160.0 
2224 30.5 10.1 -160.0 
AVERAGF T I P  SPEED R A T l l l  
- .0510 
- 0 2 3 0  
-.0130 
- .0388 
- .0720  
-.0961 
CNF CAF. 





-.0212 -.I349 - .on2 




























. C o b 7  
.0177 





- 0 3 2 0  
-0364 
.0402 
-0071 -. 0027 
-.'J116 
- .a206 
- . . I778 -. 0334 
-.0353 
-.0325 
- .0337 - .O 345 
-.01+1 




























1 .6423  
.0926 





- I  .3541 
-1.5613 
-1.5651 






6 0 . 3  
68.2 
68.7 
68.  I 
67.9 
68.3 



































. 0 0 6 5 B  
.20449 
.00428 






























a os CYMS 
47.1 413.6 -.0050 
43.3 409.1 -.0169 
60.5 411.8 -.0379 
45.7 411.0 - .W73 
65.3 417.3 -.05113 
66.1 617.1 -.Cb33 
66.5  411.3 - . 0 4 7 8  
45.7 409.0 -.0596 
46.5 412.2 -.0528 
44.9 4 1 2 . C  -.0057 
46.9 415.1 .0056 
46.1 412.7 .0?14 
45.3 411.1 .1'4P7 
45.7 411.0 -0537 
b6.5 411.9 .Ob73 
46.5 414.7 .Ob99 
45.7 409.4 -0757 
46.9 410.7 .0764 
47.7 413.9 .@729 
45.7 410 .1  -.ob56 
LVERACF 1F ARDVE VLLUES 68.2 . O W 2  .OW17 191.0 140.1 4 1 1 . 1  
R U N  IO8 C f l N F 1 6 U @ L T l ( l N  $ 1  
CPM C R Y  C Y M  CSF rui cissic. cvssiG v i  o os  C V M S  
.OlOI -0067 - s o l 4 5  .0744 48.6 .1566 .00416 191.2 146.9 512.6 -.0@52 
-0OSI -0033 -.0087 .0380 69.3 -0620 .00481 190.9 146.5 448.1 -.0*>29 
.0092 -0049 -.0113 .0334 68.8 .3569 .00413 192.3 145.7 425.4 -.0039 
.OIL2 -0066 -.0137 .0736 68.9 .OS41 .00380 189.4 148.5 410.4 -.0951 
.0078 .OC76 -.0185 .0887 68.6 -0507 . O W 2 3  191.0 148.1 394.9 - .0060 
- 0 1 2 3  -0085 -.0218 .I303 611.7 .0467 -00249 191.6 147.7 376.4 -.Ob85 
AVFRACE OF AROVE VLLUES 08.8 -0543 .00377 191.0 147.2 411.4 
RUN 109 C O Y F I G U I A T I O N  41 
CPM CRM CVM CTF C H I  C T S S I G  tHSSlG V T  0 O S  CVWS 
-0116 -e0119 -0633 - 3 6 2 0  68.3 -0540 -00463 1 ~ 2 . 6  145.3 412.4 -0223 
-0019 - .0012 -0679 -.2939 69.4 -0605 .00526 191.1 145.3 440.4 -0224 
-0059 -.0009 -0636 -.3229 69.1 .OS69 .0@491 191.3 146.5 424.3 - 0 2 2 0  
-0128 -.0117 - 0 6 2 8  -.3552 68.9 .0541 .00484 190.1 146.9 438.5 -0226 
-0166 --0127 -0664 -.3954 6 6 - 3  .050h .004211 192.2 146.9 396.b .0%6 
-0207  -.3138 -0121 -.3934 68-6 -0470 .00343 191-7 148.1 378.f -078.2 
I V E R A G E  3 F  A8OVF V A L W S  68-11 - 0 5 3 8  -00456 191.5 146.5 410.0 
R V I  I I C  C O N F l 6 U R A T I O N  4 1  
CPM C R M  CY* CSF rut c i s s i t .  
.oo17 .OIIR -.on38 .*m 69.9 .ob04 
-.OOZl .0272 -.0907 .6124 68 .8  .0542 
.O'JO@ -0220 -.OB39 -4765 69.1 -0569 
-.GO18 -0272 -.0908 A172 68.9 .a546 
.0022 .0286 -.lo28 .6113 611.7 -0506 
.0130 -0219 -.I133 .11111 69.7 .0468 
AVERAGE 9F ABOVE VALUES 69.1 .OS39 



























. 0 3 ? 5  


















-.I115 - . I279 
-.I465 
-.I539 
OS CYUS CSFS 
412.3 -.mn .? in? 
441.8 -.0278 .I474 
426-2  - .0207 -1679 
410.1 -.0324 .2205 
397.1 -.O38l .24R6 





RW 111 C O N F I G U A I I O N  41 


































- 0  -170.0 
0.0 -160.0 
-.o -lso.o 
- 0  -139.9 
































- .0531 - .01bB 
-.I327 -. I IS0 




-. 043 I 
.009 1 
.ow2 - .0010 -. 0030 
-.0014 
.0291 
. 0111  
-0252 
-0255 
- 0 2 3 4  
















- 0 0 3 3  
-.0036 -. 0091 
- . O l 4 b  
-.0112 








- . I290 





I 850  

















































































330 .7  
(137.3 -.a029 
629.5  - .0401 




628.7 - . C O I R  
608.1 -.Ob99 
603.7 -.Ob60 




h33.5 . I7bl  
633.6 .C957 
0211.5 -.?;ai 
.022 1 . .>995 
. 225<  
. 7 5 1 7  
. W 1 5  . SIC3 
. v 2 1  
.53”b 
. T 9 1 4  
.*460 
-.04Q7 
- . I 5 6 8  
-.2995 
-.1991 
- . 5 D C 1  













AVERAGF T I P  SCEFO R A I l O  - -122 aVERAGE I F  AOOVE VALUES 17.1 - O b 1 9  .0002b 191.4 1211.2 b3? .9  
R U N  L I Z  Cf lNF IGI#RAI InN 43 



































IAGE T I P  
-.o 180.0 
.O  -110.0 
.O -1bO.O 
. o  -150.0 
.o -l40.0 
- 0  -130.0 
-0  -120.0 
0.0 - 110.0 
0.0 -100.0 
-.o -90-0 




- . * I 2 3  
-.2623 
.a015 
. I 3 1 0  
.0158 . I I93 
.23S1 
.> lob  
.I166 - .0549 -. 1351 
-0142 
. I 6 1 0  - .wo 
-.IO03 
-.0800 




-.1910 -. 1509 
-.Ob59 
-0310 
- - 0 ? 0 3  
-04S2 .0233 
.Ob91 .0154 









- 0 4 5 8  -0017 
.Ob18 -.0133 
-0975 -.0310 
. I O 4 1  - .3534 
.0879 -.0516 
-0331 -.OS95 































- 2 . 0 2 5 3  















4 S . b  
























































- 8 . 2  
17.- 
30.2 






































-.IC16 -. 1709 





- . n ~ ~ 7  
.07 zr 








.h lL? . b856 














SPEED R b 7 1 0  






AVERAGE .002@4 193.1 36.0 251. R 
RW 113 C f l I l F I G U I A l I ~ N  41 
C A F  c p n  CUM cvn CSF CHI c i s s i c .  r n s s i t  VT o 
-.Ob10 - 0 0 1 2  .0130 - . 0 2 3 0  .19bO S5.2 .0484 .002W 190.6 63.4 
-0156 -0244 .0291 - . ;Ob3 .b141 S5.5 .040S .00290 190.6 04.2 
. O S 4 0  .0310 -0105 -.I161 -9019 115.0 . O k 8 l  -0029s 190.5 65 .8  
-0492 - 0 b S 1  .OkOb - .22Ob 1.1531 S5.1 .0487 .0@281 190.b b5.8 
-.I494 -1010 .0368 - 2 3 1 7  1.4011 SS.0 -0484 .00218 199.5 h5.4 
--2b20 -1060 .0409 - . 2 6 O S  1.7194 SS-b .04W +OOZbO 190.4 65.0 
-.2614 -11b3 .OW33 -.3082 2.1597 55.3 .0480 .00242 190.4 64.2 
-.2212 - 1 3 0 1  .OS4S -.3H)3 2.3628 55.1 .0478 .00209 190.5 6 3 . 8  
-.I686 . I 4 5 0  .Ob26 - .+I20  3.00Sl 54.8 .0410 . O O l l l  190.5 63.4 
-.0090 .11S5 -0151 - . I506 3.5235 S4.b .M9O .00152 193.5 63.8 
-.042b -0012 .0115 - .0202 -1b40 5b.7 .0484 .00322 190.1 b8.S 
-.0884 .0104 -.002S . 04 I9  -.lb21 Sb.4 .0402 .00311 190.8 67.7 
- . I 2 0 3  -0011 -.0116 .I104 -.5751 56 .5  .0400 .00324 190.7 h1.7 
-.1432 -0162 -.0315 -2016 -1.0406 S6.2 -0419 . 0 0 3 3 3  190.‘I 67.5  
-.145b -0229 -.0428 - 2 1 3 5  -1.3911s 56.0 .3481 . 00332  IP0.7 61.3 
-.I605 -0491 - -041b -3461 -1.8122 5s-S .@4Bl -00331 19O.q 65.8 
-.I743 .Ob97 -.0519 .4332 -2.4034 5S.e .0410 .0033S 190.1 (14.2 
AVERAGE 1F LOO* VLLI IES S5.b .0482 .00282 190.0 65.5 

















2 3 3 r  
AVEI 


















IAGE T I  




- 0  -150.0 
- 0  -140.0 
-0 -130.0 







- . I  150.0 
- . I  140.0 
-.I 130.0 
-.l 120.0 
P SPFfO R A T I O  
CNF 05 CVWS CSFS 
299.C -.@05C .W15 
300.6 -.C227 .I317 
? 0 3 . +  -.0317 .19*h 
>@1.7 -.057R .?bo9 
301.6 -.@5F7 - 3 3 5 7  
3C3.6 - . O S 6 1  .1717 
299.8 -.@hhO . kb25  
291.9 -.a748 .5471 
299.1 -.C875 . C l T >  
299.6 -.1172 .?S34 
306.1 - . O ’ Y 5  .O l t .h  
305 . -  .COO’ -.0163 
304.3 - 0 2 6 3  -.lZPl 
303.1 .0445 -.220- 
323.9 -0603 -.3087 
307.1 .0153 -.39lR 
301.3 .OW6 - .S11L 
301.O 







- . O l O S  
-.0320 
- . O W 0  






- . 21*1  - .os4 
. 
42 
1- .Y -1 
APPENDIX 
RUN 114 C O N F I G U R I T I O N  43 
P O I N T  V.KT A L W A  B E T 4  C N F  CAF CPM CRM CVM C Y  C H I  C T S S I G  C H S S I G  V T  0 O S  CVMS CSFS 
2355 
2356 

















2 5 . 0  
75.1 
25.2 
25 .1  






















-.O - .o -. L
- . I  
- . l  
- . I  
180.0 






-110.0 - 100.0 
-90 .0  
180.0 







- 1 9 7 5  





- . I 9 3 0  
-.3369 




- . 2 5 6 8  
- .b441 






- . I 3 6 3  
- .2285 
-.2289 -. 181 1 
- . I 1 5 4  
-.IO45 
- .1377 -. 1550 
-.170z -. I 7 9 3  
- .1985 






















. 0 4 0 7  
.OS72 
.Ob14 












- . I 9 8 4  
-.2331 -. 2461 
- 2 5 8 6  
- .2777 
-.3M9 -. 3875 
-.0090 
- 0 1 1 1  . I070 
. I  705 













-1150 -. 1b07 
-.495b 
-.E336 
- I .  1696 - 1 .b*03 
-1 .895l  
62.8 
62 -9 
6 2 . 7  
62.8  
62.8 
6 2 . 7  
6 2 . 7  
62. 4 
62.1  
61 .  II 
63.5 
63.5 
6 3 . 5  
6 3 . 2  
63 .3  










- 0 5 0 1  
.05 1s 
. O S 1 3  
- 0 5 1 1  






























190 .7  
191.1 
191 .1  
191.Z 
191.2 
191 -4  
191 .1  






102 .0  
101.2 
LOO. 8 
0 9 . 0  . . _. 
911- 5 
90.5 
1 0 5 . 2  
105.2 







355 .0  
35c .9  
35b. 4 
356.3 






357 .6  
355 .4  
355 .3  
356 .0  
354.0 
AVERlGF T I P  SPEED R l T l O  = .Ob0 AVERAGE DF 4 8 0 V E  V I L U E S  b2.8 .0511 -00348 191.7 101.8  354-8  
-.0032 - .0228 -. 0439 - -0564 -. 0667 
- .0103 -. 0739 














. 5 6 6 7  
.040f 
- 7 3 0 5  
. a 3 3 6  




- . 5 3 7 6  
.+a47 
RUN 115 C l l N F I G U I I T 1 J N  4 3  
P O I N T  VsKT 4LPH4 BETA CNF CAF CPM CPM CVM CSF C H I  C T S S l G  t H S S l G  VT 0 O S  CVMS C S F S  

























2 9 . 7  






29 .1  
29.6 
.o 180.0 
.o  -170 .0  
.O -160.0 
- 0  -150 .0  
- 1  -140.0 
. I  -130.0 
. I  -LZO.O 
.o -110.0 
.o -103.0 
.o - 8 9 . 7  
0 .0  180.0 
-.3 170.0 
-.O 160.0 
- . l  150 .0  
- - I  140.0 
- . I  130.0 
- . I  120 .0  
. I 5 7 4  
.I453 
- 1 7 3 0  
- .0520 
- . 3 7 4 2  





- 1 3 6 3  
-1284 








- .0151 -. Ob04 
- . I 3 0 2  
- . l e 3 0  
- .1759 
- . I 1 7 3  
-.IO95 -. 1439 
-.I424 
- . I 6 5 7  
- . I 7 2 1  -. 1941 
-.2045 
-.OM0 







. 0523  
-0610 









- 0 3 2 6  





. 0 4 7 4  
.0530 
















- . 0 0 1 7  























68 .5  
6 8 . 4  
6 8 . 2  
6 8 .  I 
6 8 . 1  
68.1 
6 7 . 6  






6 7 . 6  
67.2 
.0545 
- 0 5 4 8  
.@Sib 
.0547 





. m 4 5  
.0543 
.I2543 
- 0 5 3 1  




. 0 0 5 1 9  
-00523 
. 0 0 5 0 7  
.00480 






















192 .  I 






1 2 6 . 5  

















4 1 7 . 0  
4 1 5 . 6  
5 1 5 . 3  
413 .3  
413.1 




421 .7  
418.1 
616.4 




4WEDAGF T I P  S P E f D  R A T I O  - .081 4 V F R l G E  7 F  48l lVE V I L U E S  68.1 . 0 5 4 3  .00460 191.3  1 4 6 . 8  416.1 
P O I N T  V I I T  41 
2403 4 4 - 7  
2404 46 .b  
2405 46.8 
2406 45.7  
2 4 0 7  44.5 
2408 46.8 
2409 4 4 . 7  
2410 44.5 
2411 4 4 . 9  
2412 44.8 
2413 4 4 . 7  
2 4 1 4  64.5 
2415 4 4 . 1  
2416 4 4 . 1  
2 4 1 7  4 4 . 1  
2418 44.5 
AVERAGE r i p  
LPHL n ~ 7 4  
-.o -100.0 
.3 -170.0 
- 0  -160.0 
.O - 150.0 
.o -140.0 
-0 -130.0 
- .J  -120.0 
-1.6 -110.0 
-.o 180.0 
-.O 170 .0  
- .O 160.0 
-.O 150.0  
- . I  140 .0  
- . I  130.0 
- . I  120.0 
-.4 110.0  





. 0 3 9 7  .OW7 
- 2 9 2 0  -0216 
- . I 5 1 0  - . 0 2 5 5  
- .2184 -.0556 
-.2013 --I109 
.I101 - .0991 




- . l I 7 8  - .0918 
- . I571  - .1305 







- 0 0 7 3  
.OM4 
.0545 

















- 0  243 
-0243 . c 2 4 7  
-0023 -. 0 0 7 2  






C O N F I G I R A T I  
CVM CSF 
.0075 -0309 
- .0574 .2101 
-.I294 .4793 
- . 1 9 k I  -7602 




-0560 - - I 5 6 9  





. i m i  - .boi l  
I F  4 8 0 I  VALUES 
I O N  47 
C H I  
77.  6 
7 7 . 2  
77 .3  
1 7 . 2  
71 .0  
7 7 . 2  
7 7 . 2  
7 1 . 2  
7 7 . 5  
7 7 . 5  
7 1 . 5  
7 1 . 4  
7 7 . 4  
77.5 
7 1 . 4  
7 7 . 3  
77.3 
C T S S l G  
-0626 
.Ob25 . ob26 
.Ob30 
. o b 3 7  
.Ob34 . ob33 










. 0 0 7 1 5  
.00701 




. O O b K )  
- 0 0 6 2 7  
.DO708 
. 0 0 1 0 4  
.00701 
.Dol89 













































6 5 2 . 4  























. 0 5 7 6  


















- 1 3 6 5  - 1326 
.02ar 
-1123 












-.3648 - .43O" 
-.!is89 
CSFS 




- 5 1 6 7  
-5345 
. w r 9  








R U N  117 CD*IFIGULIT19N 4 1  
POINT V.KT ALPHA  ETA CNF C A F  CPM CPM CVM CSF CHI CTSSIG CrnsiC- V T  o o s  c w s  r s F s  
2426 29.0 0.0 180.0 - 1 4 5 1  - . 1 6 6 3  -.0097 .OM8 -.0011 . O W 2  6 7 . 5  .OS54 -20453 l P 2 . 3  146.1  429.1 -.OOOk . 0 2 8 7  
2 4 2 7  29-8 -5 .0  180.0 - 1 5 8 5  -.1353 -.0124 -0042 -0059 .Ob08 68.2  . 0 5 1 8  .OC483 192.6  146.5 452.8 - 0 0 1 9  .0201 
2428 30.0 -0  180.0 -1628 - . I 6 3 5  -.0095 .Job0 - .e025 .0914 b7.9  .OS52 .00454 191.7 147.7 4 2 b . 3  -.0009 . 0 3 1 7  
2429 30-0 5.1 1110.0 -0650 - . I 6 8 2  - .0012 .0065 -.0085 .O97I 6 7 . 8  .0518 .00410 190.6  148.1 4011.2 -.0031 .0352 
2430 30.0 10.1 180.0 .0052 -.I799 .0015 . 0 0 7 0  - .0153 . I 3 1 0  68.1 .0476 .PO372 191.1 148.5 389.3 -.0358 .OS00 
AVFRAGF T I P  SPEED R 4 T l O  - -080 AVERlGE YF 480vE V I L l E S  b 1 . 9  - 0 5 3 6  .00434 lP1 .5  147.4 419.1  
' I  
43 
APPENDIX 
RUN 118 CnNFIGunA710N $1 
P O I N T  VSKT U P U A  BETA CNF CLC CPBI CRM CVM C Y  C H I  C T S t l C  t P S S 1 C  VT Q OS C Y m S  T 5 F 5  
2431 29.0 -.O 160.0 -1037 -.1915 -so196 -.0152 .IO21 -.4404 67.7 .0540 -00437 191.4 l 4 t . l  423 .8  .035? -.I519 
2232 29.8 -5.0 110.0 - 1 3 7 8  -.IS31 - .0266 -.OILS . IO29  -.3877 6 8 . 0  .OS72 .004S3 194.0 146.1 443.7 .0339 - . t 27?  
2433 29.8 .O 160.0 .1101 - . la66 -.0196 -.0154 -1062 -.4455 67.7 .OT47 .OC438 191.3 146.1 4 2 3 . 1  . ( l lhC -.I510 
2414 29.8 5.0 160.0 -0377 - a 2 1 0 3  -e0090 -e0174 -1134 -.+e69 67.6 -3514 .3D4OO 190.5 146 .1  404.3 .Obi? - . I759 
2635 29.0 10.1 160.0 -.OS24 -.2354 .0019 -.Ol93 .1197 -.4938 67.7 .a479 .00348 190.8 146 .1  387.0 .@457 -.I(I64 
AUERACE T I P  SPEED 114710 = . O n 0  AVERAGE 1 F  ABOVE UALUFS 47.8 -0532 .00423 191.6 146.1 5 1 6 . 4  
RUN 119 C I l N F 1 G U ) A l I O N  43 
POINT V , K l  U P H A  BETA CNF CAF CPM CUM C V M  C Y  C H I  C T S S l G  C H S S I G  V T  0 OS C V U S  r \ F q  
2436 29.8 .O -160.0 -1793 -.0313 .OW5 - 0 3 3 2  -.I405 .6741 67.7 .0555 .00462 191.1 146.1 6 2 5 . 2  -.OM7 . 2 3 l l  
2431 29.7 -5.0 -160.0 .I832 -.Ole6 -.OM0 .028? -.I336 .5841 h7.9 .Q575 .OC4b7 193.1 145.1 443.0  -.0437 .I912 
2638 29.6 . I  -160.0 .I752 -.0300 .0091 .0337 -.I426 - 6 8 9 1  67.6 .a551 .OCC5B 191.0 144.1 4 2 7 . 3  -.Ob117 .735> 
2439 29.6 5.1 -160,O . l l O l  -.0574 .0279 .'I346 -.I456 .74117 h7.3 .0519 .00420 190.3 143.7 L 3 - . 9  -.O'l8 . )hk5 
2440 29.6 10.1 -160.0 .0270 -.OB20 . O I L 8  .0342 -.1525 .7865 6 7 . 3  .I2484 .00388 190.0 144.1 387.6 - .OS67 .7975 








































CONF I G U R A  1 Rim 120 
U P H A  I I E T A  CNF CAF CPM CRH CVM CSF 
-.O 180.0 .I487 - . O B 4 2  .a569 -0253 -.0797 -4331 
. O  -170.0 .0028 -.0023 .0786 .0401 -.I774 -9673 
. I  -160.0 -.I502 - . 0 3 8 3  .IO84 -0375 -.2609 1.3832 
.1 -1SO.O -.2953 -.a474 -1187 -0400 -.3201 1.6194 
. I  -160.0 -.3187 -.lo08 .0499 . O W 3  - . 3B80  1.9891 
. I  -130.0 -.0388 -.I586 -0061 -0589 -.4700 2.5466 
. I  -120.0 .2477 -.I400 -.OS01 .0712 - .*822 3.2745 
.I -110.0 .2847 -.0920 -.OOb2 .0881 -.lo39 3.9010 
.I -100.0 .0949 -.0142 .14b7 -1085 -.R648 4.7226 
.O -90.0 .2730 .0920 . 2 2 2 0  -1347 -.9791 5.2876 
. O  100.0 .2051 -.0390 -0546 -0271 -.0753 .4402 
-0  170.0 -1186 - . I O 4 6  - 0 6 6 2  -0047 -015.9 -.0466 
.O 160.0 -.0015 -.1742 .074b -.0152 .I279 -.6666 
0.0 150.0 -.I273 -.2016 .0770 -.0321 .2422 -1.3235 
-.O 140.0 -.I401 -.2437 -0569 -.0444 -3622 -2.0040 
-.O 130.0 - .01S9 -.3072 .0117 -.OS37 . S I 4 6  -2.7117 
-.o 120.0 . 1 3 6 9  -.3+35 -.oc30 -.ob36 . 6 w 5  -3 .4413  
I P  SPFEO R A T I O  - .060  A V E R l G E  1JF A E W E  VALUFS 
P O I N T  V . 1 7  ALPHA BETA 
2471 20.3 -.O 180.0 
2472 20.3 0.0  -170.0 
2473 20.0 0.0 -160.0 
2414 20.0 .O -lso.o 
2675 19.9 .O -140.0 
2476 19.7 .O -130.0 
2471 19.6 . O  -120.0 
2470 19.5 -0 -110.0 
2$19 19.3 .O -100.0 
2480 19.2 .o -90.0 
2481 19.7 -.O 180.0 
2482 19.9 -.O 170.0 
2481 19.9 -.O 160.0 
2484 19.8 - .O 150.0 
2485 19.8 - . I  140.0 
268b 19.7 - . I  130.0 
2687 19.6 - . I  120.0 































- . I462  







- 0 2 7 0  . O I I I  
-0391 .064S 
-0120 -0410 
- 0 1 6 4  . O W 5  
-0327 .OS18 
. 0 3 0 B  -0587 
-0532 -0675 
-1597 -01115 
. 0 0 8 8  .0142 
.a252 - .0020 
.OW6 -.0190 
.0070 -.0333 
-.0259 - . M k 3  
- .0035 --OS13 
.a091 -.OS67 
AVFC4GE 0 




-.I769 . 9321  
- .2312 l . l T T 1  
-.2432 1.4234 












F A8OvF V A L l l E S  




45.6 . M 6 0  
45.5 .OIhO 
45.4  .w59 














C H I  
55.5 




































. o w a  













































































6 0 . 5  
6 8 . 5  
66.6 
66.6 













6 5 .  I 
os r v w  
775.8 -.0112 
7 n . r  - . n z i p  
272.) -.(1159 
271.4 ?.1 -.044" .a535 
269.8 -.@655 











7 C n . T  .m94  
as r w 5  
3 1 9 . 1  -.a087 
317.7 - .O728  
315.5 -.0373 
314.8 -.a493 
311.6 - .OS14 
310.8 -.a353 
312.1 - . C O R  
311.8 -.073< 
308.3 -.IO18 
315.6 - . F n 6 9  
314.6 .07CI 
313.7 .OLII 
314 .8  .069O 
308.9 -.?a35 
315.9  .no78 
313.8 . 0 ~ 9 a  
'111.1 .C839 
313.5 
c z r q  






. 6 7 1 4  
.A757 




-.2734 -. 36R7 
-.4+49 
. 2 2 7 7  
r S F S  
. m 3 9  
.123b 




. 441*  
.5732 
.h745 
.73"7 . @u. 1 
-.a775 -. I I R b  





i i P H P t  
. 
.9 - 
L A  
APPENDIX 
P O I N T  VeUT 
2500 24 .4  
2501 24 .3  

































- . I  160.0 
- . I  150.0 
-.I 14o.c 
- . I  130.0 
- . I  120.0 
- . I  110.0 
- . I  100.0 





- .2522 -.0923 
-.3322 -.e999 
- . 3 2 3 4  -.0990 
- .?I86  - .2360 
-0905 -.3355 
. I 3 8 1  - .3401 
.0940 -.2055 
-.0719 - . 2412  
.2740 - . I 8 6 0  
- 2 3 0 1  -.2l41 
.2365 - .2334 
.I251 -.2357 
- . I 2 6 1  -.2332 
- . *E21 -.759b 
-.1511 -.2229 
- . 3664  - . 2 4 1 0  
-.3206 -.2368 
-.3944 -.27c7 
R I M  122 C n M i c w t A r i o u  $ 4  











- . O I L 2  
-.0352 
- . 0426  
-.0522 
-.Ob55 
- .0233 -. 0064 - .0090 















- . O L E 6  
-.0310 
-.0419 
- . O W 4  




-.On97 -. 1579 










. I 0 6 3  




- 3 8 0 7  
.4459 
-1636 







2 . 2 2 7 4  
2.4155 . lb52 - . I 5 8 8  




























































































3 2 2 . 4  -.OQ64 
357.0 -.0747 
358.5 -.0437 
360.7 - . 0 5 8 5  





359.0 - . 0 7 4 9  
360.1 -.OR96 
3b7.6 -.OC57 
359.3 . 0133  
358.5 .0104 
3 6 7 . 0  -0519 
366.C .C659 
360.6 -0789 
364.5 . O P E 6  
357.9 -0972 
159.5 . l Z 3 f  
155.9 .in53 








- 4 0 2 7  




-.944@ -. 13@5 -. 2321 
- . 3 1 4 1  
- . 4113  
-.5086 
-.5863 
- .5359 -. 6691 
.549n 
F 
RUN 123 CnNFlGl lPATlON 44 


































29.4 - . I  
30.0 - . I  
29.5 - . I  
29.3 -.I 
29.3 - . I  
29.1 -.I 




-IS@ .O - 140.0 
-130.0 
-120.0 












- 2 2 2 6  . I990 
.2222 - .I340 
- . 2437  
-.I839 
-.1148 
- . 0023  
- .Ob02 
- . I 0 7 7  
-2067 
.I571 



















-.1750 -. 1748 
- . I841  
-.I501 
- . I 8 7 4  -. 2022 
- .2141 
-.I042 
- . I662  
-.0154 




























.0070 - -0062 











































- 1 - 6 8 1 0  
68.0  
68.1  
6 8 .  I 
68.0 
67.8 
67 .  5 
6 7  -6 
67.5 
































- 9 0 4 3 6  
. o w 4 5  


































































423 .1  
423.5 

















- .@E18  















. 4 0 0 h  
.5377 
.b084 
. 5 3 2 ?  
- 9 3 8 6  





-.5903 -. 6OC6 
- .597@ 
- 3 ~ 9 1  
AVFRLGF T I P  SPEED R I T 1 0  * -019 AVERAGE 'lF A R W E  VALUE5 67.7 .0529 -00305 191.9 146.1 420.P 
RUN 124 C O N F l G U I d T l f l N  44 




















I V  En 
46.4 -.O 
44.4 0 .0  
44.3 -0  
44.1 -.o 
44 .6  -0 
44.3 -.o 
44.1 - .o  
4 4 . 3  -.o 
64 .3  -.O 
44.4 - . I  
44.3 -.I 
44.3 -.o 
44.2 - . I  
44.6  -.I 
44.3 - . I  
** .I  -.I 
44 .2  - . I  
4+.3 -.2 
44.2 - .2 





















































-.IP13 -. 1354 
- . I 3 6 1  
-.I225 
- .OOIb 
. 0 1 8 I  




















. 0 2 m  
.0202  . C262  
-0271 
- 0 2 5 3  















- .2518 - .2483 
-.2229 
-.2019 -. 1969 
-.0046 
























-1 .2047  







77 .4  





























































































654 .4  - .0020 .0243 
644.2 -.0147 . 1 1 6 ~  
6 4 3 . 6  - .0718 - 2 5 7 3  
638.9 -. IO26 .3998 
051.8 -.I225 . C R 3 6  
645.7 -.I781 . 5 3 2 ?  
641.3 -.I258 .54h7 
647.3  -.1129 . 5 7 4 3  
6 4 k . b  -.IO29 . 6 3 7 %  
6 6 4 . 4  - . I 3 0 6  .6771 
6 4 3 . 8  - .Gq?3 . 3 ? ? R  
640 .5  -0315 - .5829 
638.3 .C599 - .?O44 
651.7 .0893 -.3436 
639.4 .I116 - .45?2 
633.7 .I308 - . 5605  
637.0  .I270 -.611" 
635.7 .I112 - .62?9 



























































- . I  1b0.0 
- . I  lSO.0 
- .I  140.0 
- . I  130.0 
- . I  120.0 
- . I  110.0 
- . I  100.0 
-.2 90.0 



















- . I883  - 2 8 3 6  . .os3 
- .2989 
-.2201 





-.4224 -. 3243 
-.2370 
- .2721 
-.3010 -. 3095 




- . Z O O 3  
-.I730 
-0049 
. O L I O  
-0206 
-0131 . O9b2  
.I024 
. I 1 1 9  
-1234 . I369 



















. O S 5 0  
-0624 
-0753 








































































.0484 .OOZ18 192.c 
-0485 .00219 193.1 
.0406 . 00222  192.6 
.Ob84 .00224 101.9 
.0401 .00227 141.5 
-0482 .00225 191.5 
.1)480 .00209 191.8 
.&79 .00\92 191.5 
.0481 .00179 1 9 1 . h  
.0588 .00233 191.6 
.0487 .C0223 191.5 
.Ob85 -00219 191.6 
.0486 -3J212 191.6 
.0485 .00203 191.7 
.048b .0020S 191.5 
. 0 4 0 4  .OOZLb 191.4 
-05113 .00230 191.4 
.0484 .00252 191.2 
.0483 .00244 191.7 
- 0 4 8 4  . O O Z l P  191.7 
.o+as . n o z 7 ~  1 9 7 . 1  
61-11 315.7 -.C974 
6S .b  319.11 -.0241 
b5 .4  319.7 -.0387 
63.4 317.1 -.J47? 
6 5 . 4  315.11 -.0515 
b 5 - 4  317.7 - . 0 5 4 3  
b b - 6  713.5 -.C64? 
63.4  311.7 -.I3720 
b3.0 309.9 -.0804 
6 7 . 2  110.7 -.0997 
67.4 319.2 -.1761 
0 7 . 5  31n.7 .0112 
67.8 31R.I . O Z 8 6  
67.8 318.5 .34S7 
67.5  317.8 . C 5 9 4  
66.6 317.3 .974C 
66.6  316.1 .0917 
65.4 314.1 . I176 
65.0 313.9 .I144 
63.8 -12.3 . I 3 4 6  
65.4 315.0 
- . 0 3 5 5  















2 b l 3  
2b l4  
Zbl5 
2b Ib 








































- . I  -. I
-.I 
-.I 
- . I  
-.l 
- . I  
-.a 
180.0 
-170.0 - lbO.O 

















. .  . 










- e 4 4 3 0  
-.6500 
-.so71 
-.s43* - .S450 
-.I960 




















- 0 0 2 6  
-.0213 - 0495 . 







- .0038 -. 0072 
-0143 . 0140 
. O S 0 1  - Ob07 











. O C 7 3  
-.0049 
-.0152 
-.0242 - .o 348 
- .MI7  
-.0437 -. 0428 
-.0cs5 -. 0479 
-.009s 
-.0772 
- . I 4 4 9  



























- 1 0 2 7  
-.1192 -. 4358  
-.6621 -. 9960 
-1.2545 - I .  5*43 
- I .  7643 
-1.7938 

























- 0 5 4 3  
-0544 
-0542 
- 0 5 3 6  
.0536 





. 0532  
- 0 5  35 
. cs12  
-0530 
.0528 


















. J 0 3 4 9  




























































4I7. l  
411.7 
AVERAGE 1 IC SVEEO LA1 10 - .Ole AVFRAGF I F  A00M V A L U F S  b7.b -0537 .00413 191.2 145.2 423.5 
- . C @ 3 2  
- . O ? b 5  





- . 0855  - -0903 




CONF I W R A T  ION 4 2  RUN 127 
POINT V.KT ALPW ~ E T A  cw CAF CPY cam cvn CSF CHI r r s s i c  CHSSIG v i  o o s  r w t  r s F c  
2627 29.2 -0 180.0 -1764 - . I 3 3 8  -.0021 .0070 -.0117 .0945 b7.b - 0 5 4 1  .00453 193.5 144.1 47?.6  -.PO4r: .e322 
2.28 29.b -5.0 180.0 -1bP3 :.1100 --0033 - 0 O S 2  -.0058 -06S9  b 8 . l  .0566 -00462 193.9 147.7 448.11 -.0019 .0217 
2b29 29.7 -0  180.0 .I710 -.I315 -.0017 -0019 -.0109 - 0 9 6 1  07.8 .0542 .00447 191.7 148.5 430.9 - . 0 0 3 8  .C326 
2b30 29.8 5.0  180.0 -0975 -.IS72 -.0017 -0OP2 -.OIbS . I l l 1  67.6 -0506 .00417 192.5 149.2 415.1 - .0059 .@3W 
2b31 29.6 10.1 180.0 -0148 - . I675 -0048 -0092 -.0198 a1529 67.8 -0464 .00380 192.9 148.1 392.6 - .C075  .OS76 
AVERAGE IIP SPEED RATIO . . o n  AVERAGE I F  A B O M  VALUES 67.8 . O S 2 4  .00432 192.3 147.5 427.C 
RUM 128 C O N F I W R A T I O M  4 7  
POINT V v I l  ALPHA # E T A  C N f  CAF CPM K I M  CY* CSF CHI  C l S S I G  C H S S I G  V l  0 35 C v r t  r S F 5  
2b32 29.4 - S O  Ib0.0 -1410 - .I690 - . O O l l  -.0132 . I 1 4 9  -.4624 67.3 -0538 .00422 193.1 146.1 410.4 .039@ -.15m 
2b33 29.6 -5.0 1bO-0 -1693 -.I310 - .009b - .OIL9  -1153 -.+I59 68.2 .05bI .00148 193 .4  147.7 Sbb.8 .03113 - . l 3 R l  
2b34 29-b -0 1bO.O -1290 -.1b19 .OOlO -.0156 -1IS4 -.462b 61.0 -0536 .00431 190.7 147.7 423.0 .0407 - . I d 1 2  
2b35 29-b 5.0 110.0 -0SbS -.I954 -0085 -.0112 -1209 -.*PI5 b1.b .0504 .00402 191.9 15R.I 410.7 .O436 -.l7R3 
2b3b 29.1 10.0 110.0 -.0209 - - 2 0 2 4  .0190 -.0181 .12OS -a5203 67.7 .0470 .C0379 192.1 148.5 194.5 .NE4 -.19sR 
AVERAGE r i p  SPFEO R A T I O  - . o m  A f i R A G E  OF A I O V E  VALUES 67.8 .OS22 .OOkIb 192.7 157.h 420.~3 
1 
- k  
46 
a= K - 
APPENDIX 
R U d  129 C O M l G U l A l l O N  15 






















15.1 - . O  
15.1 -.O 
15.0 -.O 
14.9 - . I  
16.9 -.I 
16.9 - .I  
14 .8  - . I  
14.7 -.I 
14.6 -.0 
14.9 - .o  
15.0 0 . 0  
14.9 . o  
15.9 -0 
14.9 .o 
14 .8  .o 
14 .8  . I  
14.7 . I  
14.1 . I  























-.0130 -. I 3 0 5  
- . I 7 6 0  
- . I 3 3 4  
- . I 9 0 5  -. 3364 
- . 4120  
- . 2 1 4 8  
-.Ol25 - .0238 
- .0930 
- . I 3 0 1  
- .18 Ib  





.0709 . Ob92 
.Ob84 
- 0 6 7 3  
.Ob13 
.Ob62 
-0047 -. 0476 
- . 1 7 4 3  
.0732 
.070C . Ob5 0 
.a535 
.0420 
- 3 2 7 3  -. 01 81 
- .0199 
- . I 4 4 1  
-.I923 
- .123n 
- .00 I 8  
-.0019 


































- .0129 -. 0139 
-.0129 
- . o o n ~  






- 1 3 1 4  
.1333 
. I  340 
.1496 
. 0038  
.0105 
-0055 
- . 0 2 0 3  
-.04111 -. 1026 
-.I370 
- . I 2 9 9  
- . I 3 3 1  




- A 5 9 3  -. 6R75 
-.9410 - 1.1572 
-1.2251 






. ) I96  
















9 0 . 0  
90 .0  
90.0 






















.OJOO . ooco 




















AVERAGF T I P  SPEFO R A T I O  - .OOO AVERAGE OF ABOVE VALUFS 9 0 . J  . O O O O  .@OOOO 
R U d  130 Cnff ICURATlflN 15 





































44 .8  
44.7 
5 4 . 1  
+1 - 8  
- .O -. 0 
-.O 
- . I  -. 1 
- . I  -. 1 
- . I  
- .I  



























-10 .0  
-0 .o 
.0001 -. 0022 
-.0225 
-.0981 
- . I 1 0 5  
- . I 1 1 3  





- . 0 0 2 0  
-.0358 -. 1032 








. 0 3 4 9  
.0250 
. 0 1 9 3  
-.0154 
- . O l e 7  
- . I 5 7 9  
.0352 






- . IO75 
- .?e19 
- .2211 






- .0213 -. 021 0 
- .0190 
















- 0 0 7 1  




- 0 1 2 5  
-.0001 
-.0013 
- .0033 -. OC58 
-.0076 
- . 0 0 8 4  
-.0103 -. 0122 
-.0122 
-.012n 
-0CIk - .0080 
- .0072 
-0147 
- 0 5 1 2  
-0989 
- 1 3 7 9  
. I 6 2 7  







- . I 1 2 3  
-.I404 
-.I478 












































. @ O O O  
.oooo 
.oooo 






. m o o  
.oooo 
. O D 0 0  
.oooo 
.oooo 






















AVfRaGF T I P  SPFFO R A l l f l  * -000 AVERACE IF m o v E  VAI.WS 90.0 .a000 .ooooo 
nw 131 COMFlGURblION I5 









































- .O -. 0 
-.O 
- . I  
- . I  -. 1 
- . I  






- . I  






















-90  -0 
-.0011 








- . + I 3 5  
- .0046 
- . 0 0 3 0  
- .0223 
- .0762 
-.os01 - .0505 
-.I411 
- .3462 
- .43b8 - .3996 
.0351 
- 0 3 6 6  
-0334 
- 0 2 3 6  












- . I 1 2 3  
- . I 8 3 1  
- .7356 
-.zone 












- . 0 1 0 0  
-.0103 
- . 0340  
- .0300 
- .0173 




- 0 0 3 1  
.0055 
-0066 




.0127 - -000 I 
-.0014 
-.0034 -. OM6 
- .,307 I 












.I443 . I408 
. I 5 4 3  





- . I 1 2 4  
- . I 4 1 3  
- .1437 
-.I406 
- . I596 
.00b2 - .0784 -. 1997 
-.3526 
-.5655 
-.8701 - 1.1029 
-1.1143 
-1. I 3 5 7  
-1.0336 





































































A V F R A G F  TIP SPEED m w i n  * -000 4VERAGE 1F A D W E  VIIUES 90.0 .OOOO .OOOOO 
VT 











3 . 0  





0 .0  
0 . 3  
0.0 
. 3  




































































































5 ~ 4 .  T 
504.3 








O S  C W S  CSFS 
37.8 .0030 . O I l Y  
37.5 -.0062 - . 0 7 7 4  
31 .4  -.0020 -.?249 
37.0  .0223 - .4593 
35.6 .0464 -.be75 
36.6 .0906 - . 9 4 l n  
3h.6 . I 3 1 4  -1.1572 
36 .1  . 1333 - 1 . 2 2 5 4  
35 .1  -1496 -1 .e543 
36.6 . 0 0 3 8  .027?  
15.6 .0055 -2545 
3b.b - .EZ@1 .492b 
36.b -.0491 .719h 
35.2 - . IO26 - 9 9 6 4  
96 .2  - . l 3 2 ?  . I 9 1 1  
35.8 - .1131 . I 4 7 9  
35.5 -.I494 .01?5 
36.5 
35.8 .1340 - 1 . 1 7 ~  
37.0 .aim .112n 
35.8 - . 1 7 9 ~  .229n 
os  CVUS 
32q.a .ooih  .om0 
127.4 - . O f i l @  - .0765 
325.9 - .OO?? - . 2 9 1 4  
127.4 .C142 -.>E60 
3 1 9 . 8  .051? - . 6 l l h  
376.6 .C989  - .8869 
325.1 .I310 -1.109q 
326.2 . 1427 - 1 . 1 8 9 1  
379.8 -1402 -1.1569 
337.1  .1537 -1 .05”5 
331.4 .0016 - 0 1 2 5  
329.4 . 0088  ,1029 
327.+ .0079 - 2 2 5 7  
325.9 - .Ole3 .4260 
328.6 -.Ob81 .bo19 
325.5 - . I 1 2 3  - 9 2 0 8  
331.0 -.1+04 1.1259 
329.8 -.I426 1.11133 
3 i 9 . 8  - . I 3 8 7  1.13b9 
333.6 - - . 1 ~ 7 0  1.0213 
3 7 8 . 5  




























.I498 . 1543 






- . l l 2 4  












. 0 9 8 9  
.2200 













RW 132 C n W F I G u A T I O W  1s 
C O I W l  V t l l  ALWA OETA 
21S3 S0.9 -.O 0.0 
21s4 s0.9 9.9 0.0 
21SS S8.0 4.9 0.0 
21Sb 58.1 - . I  0.0 
21Sl S8.0 4.1 0.0 
2 1 S O  58.1 -10.0 0.0 







-.0304 - .ooo 
CAF C I M  CllM 
-0368 -.0093 -.0001 
- 0 3 5 1  .0176 -.OOOl 
-0312 .OOSZ -.0002 
-0311 -.0096 -.OOOl 
-0366 -.0225 -.9001 
-0310 -.0333 -.OW0 
AVERAGE I F  






. 0025  .0014 
A ~ O V E  v a L w s  
cni  CTSSIG cnsstG 
90.0 .oooo .ooooo 
90.0 .oooo .ooooo 
90.0 .oooo .ooooo 
90.0 .oooo .ooooo 
90.0 .OOOO -00000 
90.0 .O@OO .OOOOO 
90.0 .OOOO .OOOOO 








. 0 9 5 8  
. 0 9 9 1  
-0916 
. ICs5 
. ioqn  
.1n36 







C S F S  
.3885 
.401b 
- 3 9 8 5  
.391n 
-3RPb 
- 3 9 6 4  
C S F S  
0.0 5RE.2 585.7 -0311 
0.0 586.6 58b.b - . O O C 2  
0.0 5 8 4 . 1  584.7 .0011 
0.0 5 8 3 . 9  5 8 3 . 9  .ooi3 
0.0 5 8 4 . 3  5c1.3 .I3912 
0.0 583.9 5 8 3 . 9  .oc25 1’ - .o 584.9  5Rk.O 
RUU 133 CONFIGURATION 15 
C C F  C P M  C R M  CYM CSF cni n s s i c  
.0374 -.0112 -.0014 -0086 - 0 9 5 8  90.0 .OOOO 
-0339 .OlSb -.0016 .0065 -1090 90.0 - 0 0 0 0  
-0311 .OOOb -.0014 e0095 -0991 90.0 -0330 
.0368 -.0118 -.0014 -0085 -0976 90.0 .OOOO 
.0381 - .0241 -.OOlS -0044 .103b 90.0 .OOOO 
.0383 - .033C -.OOlb .0017 -1046 90.0 .OOOO 
AVERAGE OF & R O V E  WLLUES 90.0  .OOOO 
P O I N T  V . l T  ALPHA * E T A  CWF 
2159 58.S -.O -10.0 .0041 
2160 58.1 9.9 -10.0 .OW1 
21bI 50.7 4.9 -10.0 .0280 
2162 S8.1 -.l -10.0 .0025 
2163 58.1 -5.0 -1d.O - .0154 
2164 58.1 -10.0 -10.0 -.0461 
AVERAGE I t ?  SPEEO 111710 = .OOO 








V T  0 o s  CYMS 
0.9 580.0  5 8 0 . 0  .008b 
0.9 5 8 3 . 1  5Cl.l .0065 
0.0 5 8 3 . 1  5 ~ 3 . 1  . o m 5  
0.0 5 ~ 7 . 1  5 v . i  . O O R S  
0.9 5 8 3 . 5  5 1 3 . 5  . o w 4  
3.0 583.5 503.5 .?‘?I2 
. 3  5 8 2 . 0  5 8 2 . 6  
R I A  134 
CAF CPN CRN 
.0297 -.0114 -.0035 
.029J -0171 - .0032 
.0289 .0020 -.0034 
.0291 -.0114 - .0035 
.0300 -.023S -.0033 
.0316 -.OM4 -.0034 
C n N F l G U P A T l O N  I 5  
CYM C S F  C H I  C T S S l G  C H S S l G  
-0019 -2701 90.0 .OOOO .OOOOO 
.OO:I .2502 90.0 .PO00 .OOOOO 
-0094 .2221 90.0 .OOOO .OOOOO 
.0010 -2212 90.0 .OOOO .OOOOO 
.0019 -2315 90.0 .0300 .OOOOO 
-.0018 . 2 2 6 8  90.Q .OOOO .OOOOO 
C O I W l  V . l l  ALPnA B E 1 4  CWF 
2165 58.8 -.O -20.0 -.O160 
21b6 58.9  9.9 -20.0 .0035 
2161 511-8 5.0 -20.0 .0006 
2168 511.0 -.O -20.0 -.Ollb 
2169 58.0  -5.0 -20.0 - . O W 9  
2110 58.1 -10.0 -20.0 -.On32 
AVERAGE 1 l P  SPEFO R A T I O  - .OOO 
VT . 0 os CYMS 
0 . 0  584.3 5 8 4 . 3  .0019 
0.0 58h.b 586.6 . C C Z I  
0.0 5n5.9  5 8 5 . 9  .0094 
0 .0  585.1 5 8 5 . 1  .0078 
n.5 584.7 584.7 . o 0 1 9  
0.3 5R2.1  5 8 2 . 7  -.0018 
.3 514.9  5 1 4 . 9  AVERAGE I F  AROVE VALUES 90.0 .OOOO .OOOOO 
RW 13s COUFlCURATlON I5 
C A F  CPM C R M  C Y M  CSF c n t  C T S S I G  CMSIG 
.0193 -.0105 -.0056 -.OObl .YO85 90.0 .OOOO .OOOOO 
-0119 -0031 - .0041 -.OOS4 -4016 90.0 .OOOO .OOOOO 
-0199 -.OOlS -.OOS2 -.OObS - 3 9 0 )  90.0 .OOOO .OOOOO 
.0180 -.OLD6 -.OOSb - . 0012  -3910 90.0 .OOOO .OOOOO 
- 0 1 8 3  - s o l 9 6  - .0031 -.0130 -3086 90.0 - 0 0 0 0  .OOOOO 
.Ole1 -.02Sb -.OOS6 -.0219 .3944 90.0 .OOOO .OOOOO 
AVERAGE OF A 8 W E  VALUES W.0 .OD00 .OOOOO 
C O I N 1  V . l l  ALPHA BETA 
2111 58.0 -.O -30 .0  
2112 58.0 9 . 9  -30.0 
2 1 1 3  58.9 4.9 -30.0 
2114 S0.9 -.I -30.0 
2115  50.0 -S.O -3C.O 
2116 S8.1 -10.0 -30 .0  







-.lo05 - .ooo 
VT 0 OS CVMS 
0.0  5 a s . 5  ~ 5 . 5  - . o o o i  
0.9 S85.5 585 .5  - .0054 
0.0 586.6 516.6 - . 0 0 6 5  
0.0 586.2 586.2  - .0072 
0.0 S8S.5 185.5 -.0130 
0.3 583.9  -03 .9  -.0219 
. I  585.5 585.5 
R U U  136 C O W F I G V I A I I O N  16 








































































- . 3 S l S  
-.4210 







- . I O 1 6  
- .3115 - .+be8 
- .4383 
V T  0 os  CYMS 







- .0830 -. 1s92 






-.0021 - .0466 












-.0089 -. 0089 
-.0113 



















-0033 . OM0 
.0027 
-0021 






. O B 0 9  -.SO03 
-1516 - .1698 
-1901 -1.0302 
.22kl  -1.2409 
. 2 1 1 3  -1.2991 
.2199 -1.2814 





-.1661 - 8 2 5 S  
-.ZOO1 1.0510 
- a 2 2 3 1  1.1542 
-.2193 1.2941 
-.)ZOO 1.2104 
- . 2+01  l.Ibl4 















































































0 . 3  
. I  
3 2 9 . 8  
326.6 
326.2  
















3 2 i . n  
3zn. 2 
329 . -  -.003Q .a136 
326.6 -0232 -.17C8 
326.2 .0521 -.7097 
326 .1  .OR89 - .53,03 
326.b  .I516 -.7699 
32b.b .1901 -1.0382 
321 .4  -2175 -1.?997 
324 .3  . ) I 9 9  -1.7874 
335.6 . 0 0 0 2  .0007 
329.0 -.0777 -1Y96 
375 .5  -.0534 .3148 
3 3 2 . 1  -.0911 ..i514 
333.3 -. 1661 - 8 2 5 5  
329.8 - . ? O P I  1.9570 
325.9  -.7?37 1.2547 
>26.6 -.ZZIJO 1.77W 
311.8 -. 7 4 @ 1  I . I  * I  5 
720.2 
320.6 . m i  -1.74~9 
333.2 . ~ R O  -1.2~3 
327.1  -.z193 1.7951 ‘I. 
AVFRAGF 1 I P  SCFEO R A T I O  -000 AVERAGF OF A8WE VALUES 00.0 .OOOO .OW00 
. 
- -  
I. 




.0362 - .0095 
-0369 - . 0 1 0 8  
.0302 -.Ol3h 
. 0 2 1 7  -.OlO4 
. 0 1 7 9  -.0076 
- 0 2 1 0  -.0126 
. 0 3 1 8  - .0087 
-0355 - . O l l b  
. 0 2 4 9  -.0126 
.0181 -.OO85 




.0901 -. 0030 
-.0041 
- .0036 
-.0041 - .0006 
.0001 
.0033 
- 0 0 3 9  
.0030 
- 0 0 3 1  
.0012 
C O Y F l G t P A l  
CVM CSF 
- .0003 .OO@O 
- 0 2 4 2  - . I263  
. O W 2  - .2905 
.0832 - .4170 
-1391 -.7255 
.1901 -1.0197 
- -0032 .0065 
- . 0 2 7 5  . I515  
- .0544 .314b 
-.OB83 .5146 
- . I 6 1 0  . l a 6 1  
- . 2 0 1 4  1.0523 
l l O N  16 
C H I  C l S S l G  C H S S I G  V l  0 OS CVMS CSFS 
90.0 .OOOO .OOOOO 0.0 5 8 3 . 5  5 8 3 . 5  - .0003 -0080 
90.0 - 0 3 0 0  .OOOOO 0.3 5 8 2 . 7  5 8 2 . 7  -0242 - . 1 2 6 3  
90.0 .OOOO .OOOOO 3.3 5 8 7 . 0  581.0 .OS27 -.29C5 
90.0 -0000 .OOOOO 0.1 5 8 1 . 5  5 0 1 . 5  . I 3 9 1  - .7255 
90.0 .OOOO .OOOOO 0.0 584.7  5 8 5 . 7  .19C1 -1 .0107 
90.0 .OOOO .OD090 0.1 5 5 3 . 5  5 8 3 . 5  - . 0 0 0 2  .0065 
90.0 .OOOO .OOOOO 0 . 3  583.5  5 8 1 . 5  - .0215 .1515 
90.0 .0000 .OOOOO 0 . 7  5 8 4 . 3  5 8 4 . 3  -.OT44 . 3 1 4 6  
90.0 .OOOO .@0000 0.0 5 7 9 . 6  5 7 9 . 6  -.0913 .514h 
90.0  .OOOO ~ 0 0 0 0 0  6 . 3  5 8 2 . 7  5 8 2 . 7  - . I 6 1 0  - 7 8 6 3  
90.0 .OOOO .OOOOO 0.0 582.7  5 1 2 . 3  - . ? D l 4  1 .3521 
90.0 .oooo .ooooo 0.7 5112.7 5 8 2 . 7  .on13 -.4710 
P O I N T  VIKT ALPHA 
2810 58.7 -.o 
2811 5 8 . 7  -.o 
2813 5 8 . 7  - . l  
2814 5 0 . 6  - . I  
2815 58.8 - . I  
2816 58.7  - . O  
2817 58 .7  - . O  
2818 58.8  -.o 
2819 $8.5 - . O  
2 8 2 0  58.7 .o 
2821 58 .7  .o 
2812 5 0 . 9  -.o 
O F 1 1  
0.0 
13  .o 










C W  
.oow 
- 0 0 1 6  -. 0012 
- . 0 4 1 1  
-.C973 
- . I 2 9 3  
.0003 
.0022 
- . 0 1 1 9  
-.0751 - -0620 
-.0766 
AVFRACIF TIP SPEED P A T I O  = .ooo AVERAGF 3 F  ABOVE VALUEC 90.0 .OOOO .OOOOO .C 583.2  5L3.7 
RUN 138 t O N F 1 6 U I A T I f l N  16 
P O I N T  VvKT ALPUL BETA CNF CAF CON CRM CVM CSF C U I  CTSSlG CHSSlG VT 0 OS CVYS CSFS 
2824 58 .7  
2 8 2 5  58 .1  
2876 58.8 
2 8 2 7  58 .7  
2839 58.8 - 










- 0 0 1 2  
- 0 3 0 5  







. 0 3 5 4  
.!3354 
. 0 3 3 2  
- .0092 
. 0 1 8 0  






- 0 0 0 1  
.0001 






. 0 0 1 3  
.0088 
. O W 3  
-0052 
.OOb5 
.0061 . 0 003 
90 .0  
90 .0  
90.0 
90.0 


















0 . 0  
0.9 
5 8 2 . 3  
5 8 3 . 5  
584 .3  
5 8 3 . 1  
5 8 3 . 5  
5 8 5 . 1  
5 8 2 . 9  
5 8 3 . 5  
5 8 4 . 3  
5 8 3 . 1  
5 8 3 . 5  
5 8 5 . 1  
-.OOc16 . @DO6 
-0007 
- . 0 0 0 3  
-.3302 
- 0 0 1 3  
-0088 




. O O P ~  
- . I  
- 5 . 0  
10.0 
AVFPAGF 1 l P  SPFEO R A T I f l  * .OOO AVERAGE 'IF ABOVF VLLUES 9 0 . 0  . 0000  .OOOOO .'I 5113.6 5 8 3 . 6  
RUN 139 CONFIGURATION 16 
CAF CPM CRM CVY CSF C H I  C T S S I G  
- 0 3 5 0  -.0117 .0032 -.02b6 . I462  90.0 .0000 
- 0 3 1 2  -0166 . 0 0 1 5  -.0160 .13% 90.0 .0330 
- 0 3 4 4  -.@OOO -0026 - -0205 . I514  90.0 .OOOO 
-0340 -.0123 - 0 0 3 2  -.0280 .1522 90.0 .OOOO 
- 0 3 5 6  - -0?35 -0032 -.0332 .1567 90.0 .OOOO 
- 0 3 5 0  -.0321 - 0 0 2 8  -.0351 . I 5 7 0  90.0 .OOOO 
AVERAGE 3 F  ABOVE VALUES 90.0 .OOOO 
P O I N T  V-KT ALPHA 0 E T A  CNF 
2830 50.6  -.'I -10 .0  - 0 0 3 2  
7031 5 8 . 6  9.9 -10.0 .OM9 
2832 58 .7  5.9  -10.0 .0271 
2 0 3 3  58.6 - . I  - 1 0 . 0  - 0 0 3 2  
2834 50.6 - 5 . 0  -10.0 - .0175 
2 8 3 5  511.6 -10.0 -10.0 - . o s 1 4  
AVER4C.F 1 l P  SPFEO R A l I O  - .000 
C H S S I G  
.00000 
.30000  






0 .0  
3. 7 
0 . )  
0.3 
0.9 
- 3  
0 
5 8 0 . 5  
581 .I 
5 8 2 . 7  
511.1 
5 8 1 . 1  
5 8 0 . 7  
581 .2  
OS CVWS CSFS 
5 8 0 . 4  - .e266 .14h2 
581.1  -.0163 . 1 3 9 4  
5 8 2 . 7  - .0205 . 1 4 1 4  
581.1  - .0280 - 1 5 2 2  
5 8 1 . 1  - .0332 . I 5 6 7  
5 8 3 . 7  -.0'451 . I 5 7 0  
581 .2  
1 
RUN 1 4 0  CONFIGURATION 16 
CAF CPM CeM CVY C Y  C H I  C T S S I G  C H S S I G  
- 0 2 5 0  - . O l 3 h  .0039 - . 0 5 4 9  -3142 90.0 -0000 .OOOOO 
- 0 2 3 0  -0168 .DO39 - .0562 -3355 90.0 .OOOO .OODOO 
-0231 - . 0003  .0050 - . 0 5 1 3  -3109 90-0  .OOOO .OOOOO 
- 0 2 4 2  - . 0 1 3 3  .OM0 - .0545 .3117 9 0 . 0  .OOOO .OOOOO 
-0275 - .0237 .0040 -.Ob08 .3225 90.0 .OOOO .OOOOO 
- 0 2 9 6  - .0285 .0034 -.Ob29 .3204 9 0 . 0  .OD00 .OOOOO 
AVFRAGE r)F ABOVE VALUES 90.0 .OOOO .OOOOO 
P O I N T  V.KT ALPHA B E T A  
2036 58.7 - .O -20.0 
2 8 3 8  58.8 5.9 -20.0 
2 0 3 9  58 .8  - . O  -20 .0  
2850 58.7 -5.0 -20.0 
2841 58.7  -10.3 - 2 0 . 0  
2831 51.0  9.9 - 2 0 . 0  
AVLRAGF T I P  SPEED R A T I O  
CNF 













V I  
191.7  
191 .7  
191 .8  
191.9 
1 9 1 . 9  
1 9 1 . 9  
191 .8  
1 9 1 . 9  
192 .1  
192.2 
1 9 1 . 9  
191 .9  
191 .8  
191 .7  
191 .5  
1 9 1 . 5  
1 9 1 . 5  
191 .8  
0 os CVMS 
5 1 3 . 9  5113.9 -.054v 
5 8 5 . 3  584 .3  - .0562 
5 8 4 . 7  5 8 4 . 7  - .@513 
5 e 4 . 3  5 8 4 . 3  - .0545 
5 8 2 . 7  5 8 2 . 7  -.Ob08 
5 8 2 . 7  5 0 2 . 7  - .Ob29  
5 8 3 . 6  563 .8  
CSFS 
- 3 1 4 2  
.3355 
- 3 1 0 9  
- 3 1 1 7  
.3225 
-3204 
r S F C  
.0713 
- 0 2 7 6  -. 041 3 
- . I 2 5 9  -. 2056 
-.3103 
-.453? 
- .4997 -. 5%1 
- . 5 7 9 0  
. 3 7 7 9  
.11.5 
- 1 7 0 0  
.7507 
. 2 9 0 5  
- 3 4 4 5  
.41?8 
RUN 111 C l l N F I W R A T I O N  36 
CAF CPM CRM CVW CSF C H I  C T S S l G  C H S S l G  P O I N T  V-KT ALPHA R E T A  CNF 0 OS CVMS 
3 1 . 8  264.3 - .Os50 
36.2 2 6 1 . 1  - .0285 
3'3.5 261.6  -.OD35 
3 6 . 2  2 6 3 . 2  .0334 
3 6 . 2  2 6 3 . 3  .C587 
36.2 2 5 3 . 3  .OR11 
35.8 2c1.3 - 1 1 2 2  
3 7 . 4  266.9 -1479 
31.2 7 6 8 . 1  . 1603 
38.6 2 5 7 . 7  .1619 
36.6 263.0  - .0451 
35.1 261 .5  -.Ob06 
3 2 . 5  2 6 2 . 9  - .0797 
37 .8  266 .2  -.69RO 
37.8  265 .3  - .1150 
37.8 2 6 5 . 9  - . I 2 1 7  
37 .8  2 t 5 . 6  - . l W l  
1 6 . 9  2 6 5 . 5  
2817 15.3 0.0 
2 0 1 0  15.0  - . O  
2819 14.8 - .O  
2800 15 .0  - . I  
z n a i  1 5 . 0  - . I  
2882 1 5 . 0  - .I  
2883 14.9 - . I  
2 8 8 5  15.2 - .I  
2885 15.4 -.o 
2886 15.5  -.O 
2 0 8 7  15.0 0.0 
288V 14.8  .o 
2890 1 5 . 3  . O  
2091 15.3 .O 
2892 1 5 . 3  .O 
2 8 9 3  15.3 .O 
28nn 1 5 . 1  .o 





50.0  -2.3261 
60.0 - 1.1920 
70 .0  -1.6911 
80.0 - . 6 1 6 2  
90.0 -.LO49 
-.O - .28Ob 
-10 .0  -.*929 
-23 .0  -.51197 
-30.0 - .7170 
-40.0 - . 9 7 0 6  
- 5 0 . 0  -1 .1759 
-60.0 - 1 . 1 8 4 4  
- 0 9 3 2  
-0840 
. 0 5 5  I 
-0327 
- .0931 
- .2113 -. 3393 
- 2 9 1 3  
- .0392 
- .0410 
- 0 9 6 1  
. 0 7 7 7  
. 0 9 2 4  
.0966 
- 0 6 5 0  
.0124 
-.I193 
- .09ni  
-.09I I -. 0380  
- .OlOk 
.0308 
- . O I I I  -. 1821 
-.258V 
- . 2 1 0 0  
- . l e 8 1  
- . I 0 6 2  
- . I 2 7 5  -. 1385 
- . I 5 1 5  
- . 1 5 9 1  
- . l a 0 0  -. 2438 
-0205 
.0109 -. 0035 - -0028 
















. 2 5 2 4  
.4265 
.5890 





- A 5 1 5  
- . 5 e 4 9  
- .6895 -. 8069 
- 3 5 5 9  
-1 .0124 
A 9 8 3  
















4 2  -7 
42.1 
4 1 . 7  
4 2 . 2  
42.3 
4 2 . 5  
42-3  
43.0 
4 3 . 5  
43.9 
4 2 . 1  
5 1 . 5  
4 1 . 5  
4 2 . 7  
k 2 . 9  
4 3 . 1  
43.2 
4 2 . 5  
-0453 . Os50 





- 0 4 5 0  
- 0 4 5 7  
. 0 4 5 5  
. 0 4 5 3  
. 0 4 5 1  
- 0 5 5 4  
. 0 4 5 6  
.0456 
- 0 4 5 7  
. 0 4 5 6  
- 0 4 5 4  
- 0 0 1 5 1  
.00141 
. 0 0 1 3 9  
.00140 
.00136 
. 0 0 1 2 7  
.OF134 
. 0 0 1 4 l  
.00131 










AVFQAGE T I P  SPFEO R A T I O  * .040 AVERAGE I F  l 8 O V E  VALUES 
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n u l  142 C n w F i c u m i i n m  36 























-.O -. 0 
-.I 




. I  
.l 
.I 
. I  
SPEI 
-.O -1445 
















O R A l I O  - .054 
.!.I1 
. I 9 6 1  
-1836 
.1M4 




-.?.I18 -. 3110 
. I 9 8 1  
.2018 
.2018 




-.OW2 .0088 - . l b l I  
-a0238 -0034 - . I l l 9  
.0125 - .0018 .0731 
.OS11 -.0131 .2218 
.0100 -.OIL4 .SO20 
-0306 -.0115 .bl44 
-.LO23 -.0198 -6550 
-.1109 - .Ol55 -7147 
-.I136 -.0117 -1579 
-.I576 - . O l I l  -7I2b 
-.0431 .0089 - . I 6 8 6  
-.0484 .0189 -.2598 
--0478 .0311 -.3182 
- .0565 .0302 -.44b3 
-.OW3 .0348 -.5061 
- .022b .a316 -.6533 
- . o n 5  .0214 -.no21 
AVERAGE OF A 8 W F  





-2.2280 - 2. 49Ob 
-2. 6439 
-2.4993 
































. o w 3  
.O485 
-0485 




























192.b b7.3 311 .9  
192.4 66.6 306.1 
192.3 65.6 332.4 
192.2 64.7 302.3 
191.9 63.4 302.1 
191.1 65.8 307.5 
1Pl.R 66.2 339 .2  
191.8 66.2 309.3 
191.1 66.2 359.4 
191.6 05.8 369.7 
191.9 63.4 300.3 
191.1 61.8 299.0 
191.7 63.9 799.3 
191.7 b3.0 799.1 
191.4 63.0 2 9 6 . 1  
191-3 65.0 3C2.1 
191.8 6 4 . 1  34.0 






.15'?2 . I 579 
.1671 
.1514 
- .03 '6 
-.0701 - .394c -. 1238 
-.1405 -. I71 t 
. o I n 4  













- 3 1 3 4  






- .0087 .a009 




- . O W 5  -.O 114 
-.0912 - .0153 
-.Ob50 - . O O l l  -. 01 11 -. 0085 
-.0227 .0019 
- .0300 .Ol44 
- .a255 -0231 





C O N F I G I R A T  




-4205 - I .4834 
.4136 -1.1023 
.4732 -1 .9662 
.5502 -2.1381 
- 5 0 5 8  - 1.9744 
.4 335 - I .  5162 





- .5245 1.1358 
-.b934 2.3017 
-.nisi - . i v ~  
'IF A 8 W E  VALUES 
I O N  3C 
C H I  
60. 0 










































-.l - .o 





. I  
. I  
SPFl 











-.lb37 -. 1959 
.I189 
. I412  
.I196 
.LO12 
-.03bb - ..?I85 
-.4941 
CAF 













. I 829  
.L5Ib 
.I131 






















117 .0  
102.0 
I 0 f l . R  
191.2 













3 5 5 . 3  



















.os01 - n b w  

















- .0311 -. 0102 
.0117 
- 0 6 4 9  
.113b 






































































I G F  1 I P  = .Ob1 -00159 354. 6 
Rim 144 C O N F I G I R I l I O M  3 6  























29.9 - . I  
30.2 -.I 
30.2 - . I  
30.2 -. 1 
30.1 - . I  
30.2 .O 
30.2 - 0  
30.1 .o 
30.0 .O 
29.9 - 1  
29.1 .I 
































.09BO . onob 
- A 1 2 5  -. 003 7 
.023b 
















- .0058  
-.0131 
-+0767 











































































148.1 515.8 -.02n 
166.5 411.6 - .EFT6 
145.7 511.5 .OloZ 
lOb.5 415.3 .I114 
144.9 413.4 .11C? 
147.7 41b.5 - 1 5 3 2  
147.7 411.1 .14hl 
141.1 410.7 .1733 
156.5 411 .4  .I167 
148.1 515.2 -.I3265 
148.1 412.5 - . O 5 4 1  
156.5 413.0 -.OIL1 
145.7 407.7 - . O M 1 1  
145.5 405.0 -.In51 
143.3 501.0 - . l T h q  
146.9 411.1 - . ? 2 2 3  
166.9 515.3 . r i l l  
.OZlT 










. ) a b 1  
.7191 
-. ~ 5 5 1  
- .3n44 


































- . O L I O  
-.0041 - .0080 


















A V F l A G E  O F  A I M €  V I L U E S  66.7 -0531 .DO350 192.0 146.5 412.8 
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?01W1 

















A V F R l  
V . N l  ALPHA 
35.2  - 0  
35.2 - .o 
35.1 -.o 
35.0 -.o 
35.2 - . I  
35.2 - . I  
35.0 - . I  
35.1 - . I  
35.2 - . I  
35.2 - . I  
35.2 0.0 
35.1 .o 
35.0  .o  
34.0 -0 
3 4 . 9  .o  
35 .0  .O 
35.0  . I  
IGF 1 l P  S P E I  
















-53 .0  
-60. 0 
i0 1 1 1 1 1 0  
C N F  
-0134 
-0360 - -09b6 










- .0995 - -090  5 -. 2005 - . 0 9 4  





- 0 7 8 1  





- 0 8 3 1  
- 0 0 6 0  
e 0 9 6 9  
.0914 









- . 0 3 1 5  
- . 0 2 1 7  
- 0 1 3 6  
-0214 
- . 0 0 0 3  
- .0151 
- . 0 1 9 1  
- .0137 
- .O142  
-.0410 




. O M 9  
.001b - .0051 
- . O l I b  







. 0 1 7 5  
- 0 1 4 0  




C V M  CSF 
-so336 .00?7 
--0125 - . I334  
.0495 -.3410 
-1725 - .TO36  
- 2 9 4 7  -1 .W57 
-2798 -1.1509 
,3722 -1 .3070 
.3183 - I  -2652 
- 2 7 6 6  -1 .r )bZI  
.3000 -.PI75 
- .a376 .0111 
-.I181 .2423 




-.432b a I .4258 
: b8WE VALUFS 
C H I  
7 0 . 9  
7 0 . 9  
10.1 
7 0 . 1  
7 0 . 9  
11  .o 
7 1 . 0  
71.0 
7 1 . 3  
7 1 . 4  
7 0 . 9  
71 .1  
71 .1  
7 1 . 0  
7 1 . 2  
1 1 . 5  
7 1 . 6  
7 1 . 1  
C l S S  IG 
.OS58 
. 0 5 5 9  
.OS61 
.O564 . O S 6 8  
.OS61 
. O S 6 3  
. 3 5 6 6  
- 0 5 6 0  
. 0 5 6 7  
. 0 5 6 0  
.055C 
. 0 5 S 3  
. 0 5 5 0  
. 0 5 5 1  
- 0 5 5 0  
. 0 5 5 0  
.0'159 
C M S  1G 
,00156 















. 0 0 3 5 4  
.00430 
V l  
191.7  




I9 I. 6 
1 9 1 . 9  
192 .2  
192 .0  
191 .9  
191. I) 
191.7 
1 9 1 . 1  
191 .7  
1 9 1 - 5  
1 9 1 . 5  





198 .0  
196 .9  
199 .6  
199 .2  
197 .3  




198 .0  
197 .6  
194 .9  
196. I 
191.6 
197 .6  
1 9 8 . 2  
os CYMS 
4 7 7 . 2  - . O L I O  
4 7 7 . 2  - .0057 
4 7 8 . 4  -0205 
4 7 7 . 7  .0711 
401.8 . I271  
4 0 0 . 9  - 1 1 5 9  
470.2  -1535 
4 8 1 . 7  .131P 
4 0 3 . 3  .I142 
4 0 2 . 6  . I 2 4 1  
4 7 9 . 0  - .Ol57 
4 7 4 . 5  -.Ob95 
472.7  -.071' 
468.8 - . a 9 6 3  
569.7  -.I784 
670.n - . I V ~ R  
470.7  - . i n 1 6  
416.8 
C S F S  
-0016 
- .05-7  
- . I 4 3 7  
-.790" 
- , * + I 5  
- . a 7 6 1  
-.5721 




- 2 8 6 5  
.412? 
- 5 9 3 6  
. 5 9 0 1  
- .4307 
. I 1145 
1 
R Izy 





- . 0 2 6 1  
- . 011c  












- .PI19  
-.oil n 
146 
C R Y  
- 0 0 3 7  
.0016 
- . a 0 5 9  -. OC87 
-.0107 
- . 0 0 0 2  
- .0105 
- . 0 0 2 3  
.0003 
.0027 









. o i i n  
C P N F I G W I L T I O N  36  
C W  C5F C H I  C T S S I G  C H S S l G  
- . 0 1 9 1  -0042  76.6 -0609 . a 0 6 9 5  
- .0055 -.I100 7 6 . 7  .9612 .00690 
- 0 5 1 2  - . V I 8 0  76.6 .Oh16 .00603 
.I449 -.LOBI 7 6 . 7  .Ob18 .00667 
.2560 -.9431 7 6 . 6  .Ob21 . 0 0 6 3 8  
.2622 - 1 . M 7 8  7 6 . 6  .Ob23 .OF608 
.2620 -1 .1414 7 6 . 7  .Ob20 . 0 0 5 0 9  
.248l -1.1641 1 6 . 7  .O12b .00555 
.2676 -1.1683 7 6 . 9  .Ob22 - 0 0 5 1 3  
. 2 6 9 8  -1.LI27 7 7 . 0  .Ob23 .00408 
- .0170 -0040 7 6 . 7  . O b 1 1  -00679 
- .0730 . I 8 7 5  7 6 . 8  .Ob00 .00681 
- . I197  .3702 7 6 . 9  .Ob05 - 0 0 6 7 2  
- .1?81 -6097 7 6 . 9  .Ob02 -00657 
-.2837 .9430 7 7 . 1  .Ob01 .00648 
-.3203 1.1091 77.2 -0601 .OOb41 
- .3071 1.1993 77 .2  .Ob04 .OObkl 
-.2643 1.2374 77 .2  .Ob05 . 0 0 6 2 9  
-.2623 1.2207 7 7 . 2  .Ob10 .00615 
-.2632 1.1812 77.3  .Ob12 .00612 
POINT V.NT ALPHA 
3041 44.8 - 0  
3042 55 .1  -.O 
3053 4 5 . 0  - .O 
3044 45.1 - . I  
3045  4 5 . 0  - . I  
3046 45.0 - . I  
3047 4 5 . 0  - . I  
3050 45.1 - . I  
3049 45.1 - . I  
3053 4 5 - 2  - . I  
3051 45.0 -0 
3052 45.0 .O 
3053 55 .1  - 0  
3054 4 4 . 9  - 0  
3055 4 5 . 0  -0  
1056 45.1 - 0  
3057 55 .2  - 0  
30% 4 5 . 0  .o  
3059 45.1 .O 
3060 45.1  .O 
0 E l A  CNF 
-.O .')429 
10.0 - 0 1 7 t  
2 0 . 0  - .0003 
33.0 - . I 6 8 5  
40.0 - . I 5 9 7  
50 .0  - . 3 2 0 6  
60.0 - .2653 
70.0  - . 3 7 1 5  
00.0 -.5392 
90.0 - . 4 4 l l  
0.0 -03.91 
-10.0 -0127 
-20.0 - .Ob00  
-30.0 - . I 5 5 5  
-40.0 - . I 7 3 5  
-50 .0  - .2793 
-60.0 - . 2 2 7 1  
-70 .0  -.3093 
-80.0 -.4812 
-90.0 - A 8 2 9  
CLF 
.Ob73 
. O h 7 1  
.Ob36 




- . c 7 3 5  
-.I101 
- . I 4 8 9  
.Ob12 
- 0 5 9 3  
-0560 
- 0 6 7 3  
- 0 4 7 6  
.0026 
- . 3 3 8 1  
-.0402 
- .Ob46 








1 9 1 . 9  
192 .5  
197 .4  
1 9 1 . 1  
191 .5  
191 .5  
191 .5  
191 .5  
191 .2  
1 9 1 - 4  
191.5 
191.5 
1 9 1 . 5  
191 .5  
0 
3 2 5 . 5  
3 2 9 . 4  
3 2 7 . 4  
37P.h 
327 .8  
321 .0  
'74 .2  
379 .4  
1 7 9 . 4  
33C.2 
1 2 7 . 0  
320.7 




330 .2  
320.2 
3 7 9 . 0  
328.6 
os CVMS 
610.1 - .Og99 
6 3 5 . 8  -.0329 
636 .2  -026% 
636.5  .074R 
630.0 - 1 3 4 7  
6 3 0 . 9  .I346 
645.1  -1267 
642.9 . I111  
642 .2  - 1 3 0 1  
632.9  -.Ob97 
631.2  -.0300 
630.6 - .?)625 
6 7 1 . 1  - .0921 
6 2 7 . 2  -.I404 
6 7 9 . 2  - .I679 
631 .7  -. 1605 
630.7  - . I376  
633 .4  - . I 3 6 7  
635 .0  - . I 1 6 4  
6 3 8 . 9  . 1 1 1 4  
C S F S  
.Or)72 
- . 0 5 7 ?  
-.I594 -. 3119 




- . 5 * 7 5  
.d021 









AVFR4T.E T I ?  SPFEO R A T I O  = . I 2 1  AVERAGE ) F  ABOVE VALUES 76.9 .Ob13 .00630 191.7  320 .4  634.6  
RIJN 147 C f l N F I G I * I L l I O N  3 6  
P O I N T  V.KT Y P H L  R E T A  C N F  C A F  CPM CRM C Y *  C Y  C H I  C T S S l G  CHSSIC VT 0 OS CYMS C S F S  
3066 30.3 





-0 3.0 -1092 -1110 -e0130 -0C79 - . 0 7 3 5  -0622  66.4 - 0 5 4 0  - 0 0 3 9 2  191.2 140 .5  4 1 7 . 1  - .02C7 . 0271  
9 . 9  0.0 - 0 5 0 7  . O b 1 6  - 0 0 5 5  .0066 - .0502 -0460 60 .5  -0605 .00439 192.J 145.1 5 5 7 . 8  - . 0 1 h l  . D l 4 8  
4 . 9  0.0 .Ob75 - 0 7 9 0  - -0045 - 0 0 5 5  - . 0 3 5 2  .OL37 6 3 . 7  . 0 5 6 7  .OW07 197.3  147 .7  432.4 -.0120 . O W ?  
-.O 0.0 - 1 0 9 3  - 1 1 2 2  - . 0 1 3 9  . 0 0 1 9  - .0743 .Ob24 66.4 - 0 5 3 9  . 00386  191.3  1 4 8 . 5 '  4 1 6 . 7  -.P?C5 . a 7 2 7  
- 5 - 0  0 .0  -0389 -1359 - - 0 3 2 5  .0084 - . 0 7 9 4  - 0 2 9 3  6 8 - 7  - 0 - 0 3  - 0 0 3 5 7  191.1 146.5 3 9 6 . 0  -.0297 .010* 
.lO.O 0.0 - - 0 2 2 8  - 1 4 1 0  - . O S 5 3  .OW9 - .0786 -0255 11.1  -0462 .SO328 191.7  1 4 7 . 3  378.4 -.0306 .0099 
A v t R A r E  r i p  s w E n  R A T I ~  = .on1 A V E R L G F  n F  ABOVF VLLUES 66.1 .0536 .30315 1 9 1 . 6  147.1 4 1 4 . 9  
RUN 148 C O N F I G I P L T I I N  3 6  
P O I N 1  V.NT ALPHI  I I E l A  CWF C A F  CPY CRM CVM CSF C H I  C l S S l G  CWSSIC, VT 0 O S  C Y M S  C S F S  
3074 30.1 - 0  -20 .0  - 0 6 1 3  - 1 2 7 4  - .0253 .0190 -.2170 .5604 h6.4 . b 5 3 5  - 0 0 3 6 5  191.7 146.9 415.6 - .0772 . I 9 0 5  
3075 30.1 5.0 -20 .0  .0260 .OB73 - . 0 1 3 3  - 0 2 1 1  -.2014 .5104 6 3 . 9  - 0 5 6 2  .00383 192. )  146 .9  429.1 -.Ob09 .161n  
3076 3 0 . 0  - - 0  -20.0 -0148 - 1 2 5 2  - -0229 - 0 1 9 5  -.2175 -5672 56.4 - 0 5 3 4  .90363 191.2 145.7 5 1 1 . 5  - .077C . 7 0 0 8  
3077 30.0 -5 .0  -20.0 - 0 0 7 7  - 1 4 0 5  -.0423 .0170 -.2106 .b452 68.8 .0500 .00341 191.1 1 4 1 . 1  3 9 4 . 3  -.OB38 .23I)6 
3018  30.0  -9.9 -20.0 - . 0 5 1 1  -1460 -.Ob26 .0158 -.2165 .b508 71 .0  .0464 -00319 191.5 145.7  '377.5 - . O n 3 6  .2543 
WERAGF TIP IPFEO RaTin - .on1 LVERAGF O F  AEOVF VLLUES 6 7 . 3  - 0 5 1 9  .00354 191.5  146.2 4 0 5 . 3  
5 1  
P O l N l  V s K T  ALPHA B E l A  CWF 
3079 30.1 -.O 20.0 -A241  
3080 30.2 4.9 20.0 -.om9 
3081 30.2 - . I  20.0  - 4 3 1 4  
3012 30.2 - L O  20.0 .IbZS 
3083 30.0 -10.0 20.0 .0218 
AVERAGE 1 l P  SPEED R A T I O  I .08l 
P O I N T  V-KT ALPHA BETA CNF 
3097 3S.2 0.0 0.0 .Ol71 
3098 3S.l . I  -bO.O -.I914 
3099 35.1 .I -10.0 -.l?b8 
3100 3S.O . I  -80.0 - .38lB 
3101 34.9 . l  -90.0 -.6382 
AVERAGE 1 I P  SPEED R A T I O  * .094 
P O I W l  V.KT ALPHA BFTA CUF 
3102 30.0 - 1  -S9.9 - . 2 7 8 B  
3103 3 0 . 1  . I  -70.0 -.21B4 
3104 30.1 - 1  -00.0 -.5188 
310s 30.0 . I  -90.0 -.bPSI 
APPENDIX 
R l n  I49 
CAF CPM CRM 
.12bO -0217 -.OObO 
.09S7 -02b7 - . ' )OS9 
-1249 - 0 2 2 s  -.OObO 
-13% -.0156 -.0046 
.14S9 - . O n 1  -.OM2 
AVERAGE 3 F  
C P N F l G U R A T I f l W  3b 
CVM CSF cn i  C T S S I G  cnssic v i  
-0546 -.4091 bb.0 .3544 .003B9 191.7 
.OS95 -.3382 b3.7 .OS69 .00408 192.3 
.OS49 -.*OIL bb.2 -0543 -00389 191-5 
-0784 -.blob 68.7 -0507 .00372 191.1 
.OSOS -.5382 10.8 .Wb9 -00333 192.3 
ABOVE VALUES b7.1 .052b -0037B 191.7 
RW I50 CONFIGURATlflN 36  
CAF CCM cam C V M  CSF cn1 
. O B I 3  -.Ol48 .ODs7 -.0394 .0199 10.1 
.DO02 -0075 .Ol8l -.4262 1.403b 71.4 
-.0301 - . O l I 3  -00- -.3011 1.2280 71.5 
-.OCSP -.004b .003b -.2705 1.1990 71.4 
- . l o l l  - . O l 4 7  - .OOOI - .2810 l . l S O 3  71.3 
AVERAGE 3 F  ABOVE V A L L E S  71.2 
C T S S I G  cnsstc V T  
.0559 . o o ~  1vn.q 
.0567 .005l2 191.6 
.OSS8 .00432 190.0 
.05b3 .00404 191.5 
.OS61 -00398 191.5 
.OSb3 .00437 191.7 
RUN I51 C O N F l W R A T I f l U  36 
C A F  CPM CPM rvM c v  C H I  C T S S I G  cnssrG VI 
.O887 -.OObO .0105 -.b255 2.0447 bb.5 .0537 .C0361 191.n 
.0004 -.0265 .0178 -.*I62 1.6861 66.0 - 9 3 3 8  .003% 191.% 
-.050b c.0070 -0094 - .3081 1.4755 bb.8 .0542 .00332 191.1 
- .169S --Ol2b -0050 - .2074  1.3194 66.1 - 0 5 4 4  .0031S 191.8 
AVERAGE T I P  SPEED R A l l f l  - .08l  AVERAGE 3 F  ABOVE VALUES bb.1 - 0 5 4 0  .00340 191.7 
0 os CVMS 
146.9 418.9 -9101 
147.7 433.8 .a202 
147.7 418.5 .0196 
147.3 -99.1 .0289  
146.1 181.3 .0724 
147.1 410.3 
0 o s  c v r s  
2CC.B 4113.4 -.0164 
199.2 416.5 -.I1112 
(99.2 475.7 - . I 2 8 9  
190.4 479.1 - .1120 
197.6 480.9 -.llSc 
199.1 610 1 
o os r v u s  
1 4 S . 3  413.9 - .2196 
14b.S 4 1 5 . 3  - .I460 
146.5 417.4 - . l p 8 3  
145.7 411.9 - . IOG2 
146.0 416.1 












C S F C  
.7118 
. 5v52  
. 5 1 7 7  
.460n 
R l n  IS2 c o w t c v l n T i n w  36 
P O I N 1  V.Kl ALPHA 8 E l A  CWF CAF CPM CRM CYM C Y  C H I  C l S S l G  C H S S l G  V l  0 OS CVMS CSFS 
3101 24.8 . I  -60.0 -.524b ,0961 - .Ol3 l  -0123 -.*OS3 2.3733 bO.0 .05Il . O O Z W  192.0 99.0 756.0 - - l Q l *  .6b47 
3107 2S.1 . I  -10.0 -.6b93 .0224 -.Ob09 +OlbB -.6104 2.4520 60.4 .OS15 . O O Z E 9  192.5 101.6 359.9 -.l723 - 6 9 2 3  
3108 2S. l  . I  -10.0 -.a917 -.06S1 -.047S .DO95 -.4b95 2.1142 60.4 .0520 -00270 192.3 102.0 3b3.b -.1717 .5931 
3109 2 * - l  - 1  -90.0 -1.Ob4B - . 2 2 2 l  -.0327 .OM3 - . 381B 1.7S96 60.b .OS21 -00249 192.1 112.0 303.11 -.107@ -4934 
AVERAGE I I P  S P E E D  147 I O  - .Ob1 AVFRAGE OF A M O W  VALUES 60.3 -0517 .0027S 197.1 101.3 a60.8 
RUN I S 3  C I W F  I GIIS AT I O N  3b 
POINT V,KT ALPHA M T A  CWF CAF cm CRM cvm CSF cni ciss ic  cnssic v i  o o s  cws C S F S  
3110 19.7 -0  -bO.O -.19S3 .0304 -.OW1 -0224 -.E133 7.53Tb 51.5 -0605 .0024b 192.1 67.0 306.4 -.1677 .522P 
3111 20.2 . I  -10.0 -1.0092 A099 -.I612 -0IS5 -.Ob83 3.03b0 S2.5 .0419 .00242 197.0 bS.8 311.4 - . I 8 3 4  .hCI3  
3112 20.2 . I  -80.0 -1.27b4 - . I230  -.I514 .OOb9 -.177S 2.1b32 32.6 .Ob97 .00231 197 .0  b6.8 313.0 -.I634 .bP17  
3113 20.2 .I -90.0 -1.3923 - 2 9 9 1  -.099S .OD12 -.6189 2.3298 52.6 .M94 .00211 191.9 b5.B 313.2 - . I333 .4lr9= 
1 
AVERAGE I I P  SPEED R A . 7 1 0  - .OS4 AVERAGE O F  ABOVE V A L U E S  S2.2 .0490 .00232 192.3 b3.1 311.0 
nu( 154 C O I I E I G U ~ A T I Q N  36 
P f l l N l  V q K l  ALPHA B E l A  CUP C A F  CPM CRM CVM CSF C H I  C T S S l G  C H S S l G  V l  0 OS CVMS C W C  
3114 15.5 -0  -bO.O -1.19bl - . I l S S  -.2S30 .0292 -1.03b1 2.9S23 42.3 . M b 4  .00211 191.5 3 8 . 2  269.6 - . I 4 6 8  .4IR4 
311s 15.2 - 1  -70.0 -1.122S -.2Sbb -.2947 -0304 -1.1317 3.3830 42.2 . O I L 1  .0019S 191.7 37 .4  261.7 -.I591 .4710 
3116 14.7 .I -80.0 - .382S -.a238 -.22OS .0262 - L O 9 8 8  4.Sbb8 41.3 .OISO . J O I I O  191.9 35.1 Zb4.5 - . 1657  . 6 G S 4  
3111 14.8 - 1  -90.0 -.3745 -.3Wb -.I941 -0209 -1.0137 4.3722 5l.b .04(11 -00173 191.8 35.5 2b6.l -.I391 -5825 
AVERAGE T I P  WEED R A T 1 0  - .040 AVERAGE flF ABWF VALUES 41.8 .04b1 .00191 191.7 3b.S 267.0 
. 
52 
x . 1- K - 
APPENDM 
PUW 155 C O N F I W R A l I O N  35 
CAF CPM P O l M l  V . U l  ALPHA 
3130 14.7 -.O 
3131 15.0 - - 0  
3 0 2  15.1 -.9 
3133 15.1 - . I  
3134 15.1 - . I  
3135 15.0 - - I  
3136 15.0 - . I  
3 1 3 1  15.0 - - I  
3138 14.9 -.l 
3139 15.6 - .O  
3140 15.4 -.O 
3141 15.2 - . O  
3152 15.1 -.O 
3143 15.0 -.O 
3144 14.9 0.0 
3155 14.0 0.0 
3146 14.8 . O  
3157 15.7 .O 
3149 15.0 .l 
31411 14.5 . I  
OElA CNF o a s  C V Y S  C S F S  






























- .2809 -. 1906 
.0506 












- . V I 2 9  





























41  .9 
41.9 
51.3 





































-00 I 6 5  
.00140 



















































2 1 5 . 2  
265.0 















2 6 1 . 4  
266.6 
- .0430 





- 1 2 7 9  
-.0518 
- . 0 1 2 R  -. 0759 
-.Ole5 
-. 1397 -. 1220 
- . I 1 1 6  -. 1080 
-055 n 
















. Z l Q l  
.27[19 
.31T4 
. rn ,n  . -  
.5517 
.5?70  
AVERAGF T I P  S V F F O  R A T I O  I .050 L V E R 9 6 E  'IF I U O V E  VALUES 41.5 .3551 .00198 191.5 36.2 264.5 
C O N F I U J R A T I O N  35 RUN 156 
P O I N T  V s l l  I L P H A  R E T &  CNF CAF CPY C R M  CVM CSF C H I  C T S S I C .  C H S S I G  V T  0 
65.8 
65.8 
















6 3 .  R 
6 2 . 6  
65.1 
a s  C V * <  
298.9 - . 0 7 6 4  
3C0.3 -.0366 
299. 1 -. OO9C 
1F0.0 .o le2  
799.6 .0702 
299.5 .or(+* 
'406.0 299  .1'352 I l 4 @  







2 ~ 8 . 2  - .oqze 
2vn .o  -.175q 
2 9 8 . 2  -.12!35 
298.0 -.1138 
296.8 - .0926 
799.0 
r CF 5 
.0551 
-.0046 -. 0941 
-.1172 -. 2951 
-.a910 - .4766 
-.516Q - .48no 
-.&')E2 









3163 20.0 0 . C  
3164 20.0 -.O 
3165 20.0 -.O 
3166 19.9 -.O 
3167 19.9 - - 1  
3168 19.7 - . l  
' 3169 19.6 - . I  
3 1 1 0  20.1 - . I  
3171 20.2 -.l 
3172 20.2 -. 1 
3173 20.0 .O 
3174 20.0 - 0  
3 1 1 5  20.0 -0 
3116 20.0  .O 
3177 1 0 . 0  .O 
3178 19.9 . O  
3179 19.9 ,O 
3180 19.8 .O 
3181 19.7 . I  















-43.0 - . lbk3 
-50.0 -.3936 
-60.0 -.6633 
-70.0 - . 96S1  
-80 .0  -1.2123 




. I807  . I 7 1 2  




















-.2434 -. I106 
-.0500 - .0549 
- .0171 -. 1129 
-.I236 
- . lhZ7 
-.Zhll) 
-.2265 
-.2140 -. 1 6 0 9  
.0092 
.0130 












-.0014 -. 0010 
- .O 109 
- .J151 





- 3 2 5 0  




. I 7 0 1  
- . I 6 6 4  
- . L I S 4  
-..?I45 
-.ZOO3 











-2.2152 - 2.390 I 
-2.1960 
-1.8589 










- I  .n352 































. w 5 9  
.P451 
.345n 













































AVERAGE 1 l P  S P E E D  R A T I O  - .053 A V E 9 4 G E  '1F ABOVE VALUES 52.8 -0162 - 0 0 2 3 6  192.1 
R U N  1 5 1  C O N F I C U P I T I O N  3 5  

















1 0 0 . 4  
99.3 
L oo. n 
ino.4 
3s C Y Y S  









351.9 . 0724  
349.0 - .oz69  
152.7 -. 9295 
w n . 2  -.0304 
?+E. 8 -. 0369 
357.4 -.0455 





C SF 5 
.026t 
-.F3'?7 -. 1089 
-.2197 -. 3419 






- 2 1 6 7  
- 3 0 1 3  
.535? 
.5P55 
- 5 0 5 4  
-5127 
.4351 





3 1 I 9  25.7 
3190 2 4 . 1  
3191 24.1  
3192 24.6 














- .o -. 0 - .O 
- . I  
-.l 
-.I 






. I  
. I  
. I  



















- 7 0 . 0  
-80 .o 
-90.0 
. I596  
.I833 . 1668 
-.0236 - .349u -. 1937 -. 3610 
-.6611 
- .le23 -. 785b 
. 1 5 l l  
.1212 
-1013 
. O W 4  
- . 0 3 S 3  
-.LIS1 




.1601 . l h 3 9  
.1596 . I101 
.1280 
.Ob36 




. I 6 1 0  
-1868 
. I175  
. I160  
.0452 
-.0595 
- . Z l I b  















-.0586 - .Ob5 1 
- . 0 7 3 3  






.0119 . 0100 
. O I l I  
.0136 
.008 I 
- 0 0 5 2  
.0022 
-.0010 













- 2  872 




-.1541 -. 2931 
-.4543 
- .3347 -. 2660 
-.2292 
.OS84 -. I062 




































































































C O I N 1  V I I I  A L W I  
3201 30.0 -0 
3208 29.8 -.O 
3209 29.7 - S O  
3210 29.b -.O 
3211 29.8 - .I  
3212 29.1 - . I  
3213 29.9 - S O  
3214 29.9 - .I  
321) 29.9 - .I  
32Ib 29.8 - . I  
3211 29.9 - 0  
3218 29.9 .o 
3219 29.1 - 0  
3220 29.8 -0 
3221 29.8 . I  
3222 29.9 . I  
3223 29.8 - 1  
3224 29.8 . I  
322s 29.7 . I  
322b 29.1 . I  
8 E l A  CNF CAF 
0.0 .09Sb -101s 
10.0 . O W 2  -1037 
20.0 -.0164 . I 1 3 1  
30-0  -.I990 . l l I S  
40.0 -.I917 .0971 
S0.0 -.2b21 .O814 
b0.0 -.14bS .0130 
10.0 -.4039 - .0154 
80.0 -.5851 -.099s 
90.0 - . S I 2 0  - . I 4 3 9  
- 0  -0963 . I 1 0 7  
-10.0 .08bL -1103 
-20.0 .MOS .I113 
-30.0 .0148 . 1 1 S 1  
-40.0 .0397 -1163 
-50.0 .05SI .0927 
-60.0 -.2199 .0001 
-10.0 - .2292 .029b 
-80.0 - .SZbI -.0378 
-90.0 -.6121 - . I 4 3 1  
R I B  158 




-0340 - 0 0 5 8  
-.0163 -0ObS 




-.0038 . O O b 1  
-.0139 .0026 
-.0210 .0007 
-.0174 - .0020 
-.0152 -.0041 
-.014B -.0075 




- .0312 -.OO@b 
COff I G U R A T I O N  3 5  
CVM C Y  C H I  C T S S l G  
-.0334 .0037 66.1 . M I S  
-.0337 -.IO95 bb.6 .OS16 
-.029b -.2656 66.3 .0514 
-0195 -.6137 66.1 .0518 
. I 6 2 1  -.9363 bb.4 . 0 5 2 0  
-1193 -1.0970 6 b . b  .OS18 
- 2 1 0 1  -1.2198 bb.8  . O S 1 6  
.ZwZ -1.29OS 66.9 .0518 
. I 8 7 1  -1.1041 67.0 -0520 
. I 9 8 0  -.OS64 61.2 .0519 
-.03S5 .0071 66.5 .OS12 
-.0429 . I 3 9 5  66.1 -0509 
-.OS09 .2991 66.5 - 0 5 0 1  
-.0891 .%11 6 6 . 8  .0506 
- .I328 .82bb 61.9 -0504  
- . 2 b S 5  1.2511 67.3 . O S 0 4  
-.35113 1.57111 67.2 .0509 
- . I 1 3 4  1.2849 67.4  .0507 
- .I606 1.2041 67.2 -0512 


























191 .7  143.7 
191.6 145.7 







191.1 144. I 
191.1 145.3 
191.6 1 4 S . 3  
191.5 146.1 
191.1 145.7 
191.5 145.3  
191.0 1 4 4 . 1  
191.h 144 .1  
OS CvMq rSFC 
406 .8  -.0121 . I J O l l  
402.5 - .0122 -.0‘95 
405.1 -.0105 - .G9l*n 
405.7 .0146 - . ? I 7 4  
406.5 . O b 6 4  - . 3 8 9 5  
410.6 -0717 - .4611 
410.7 . O h 6 6  - . a 9 7 8  
406 .3  - . 0 1 2 8  .Ol’h 
403.R - .0155 . 0 5 0 5  
431.4 - . e 3 7 1  . I 9 5 9  
4c9 .3  - . W C ?  . 3 0 - 1  
4 3 0 . 6  - .09C8 .45ha 
4C3.9 - . I 1 9 3  . S 6 9 7  
401 .5  -.7h?R .4551 
408 .7  . 0 5 m  - . i 3 > n  
401.5 .or54 - . 4 w n  
108.9 .0705 - . 3 0 5 1  
w i . 1  -.aim . i m  
403.1 - . o < r 4  . i i r 5  
4 0 4 . 9  -.05r3 . w * 9  
AHRAGE TIP SPEED ~ A T I O  . .on0 IVERAGE r,F ABOVE VALUES 66.R .OS13 .00306 191.6 145.4 4C5.0  
RIIN 159 C O N F I C U e A l l O N  3 5  









































0 .o - .O 
-.O - .O -. 1
- . I  
- . I  
- . I  
- . I  







. I  
. I  
. I  














-30 .  I 
-40.0 







- . I O 9 9  
- . 2313  
-.2s04 -. 3039 
-.293b 







- . I 1 9 5  -. I223 
-.2234 
- . I101 -. 310) 
-.3131 
- 0 8 1 3  













- 0 l b  
.053! 












































- . O l 4 b  
-0521 
a1459 . I308 








- . l S I b  










































. 0 5 3 8  
. 0 5 4 1  
.OS41 
.os4s  
-0543 . OS43 
.os41  




.0528 . OS30 
.0530 . O S 2 8  
.0528 
. O S 3 0  






























































4 7 1 . 9  
472.4 















4 1 2 . 6  
$74.9 
AVERAGE 1 l P  SPEED 1 h 1 1 0  - .093 AVERAGF O F  ABOVE VALUES 71.4 .OS36 .004SL 191.9 191.6 470.6 
-.@;I7 








. 0702  
- .OO41 





-. 001 n 
-.oonr 
- . O ~ C I E  
RUN 160 C O N F I G U A l l f l N  35 












































- . I  
- . I  
- . I  
-.l 


































- . O W 1  -. 184s -. 1893 
- .3293 





- . os42 








-0613 . OSS9 
.03B8 
-0147 -. 0400 
-.01b2 
- . I  14s 
- . 16SL 
.ObOB 
.os99 

















































-1125 . I050 
.OD41 
. I 2 1 3  
. IS10 
- 1  614 
.Ow9 
- 0 0 8 8  
.0017 - .0402 
- . lo28 
-.0990 
- . I426  -. 1572 
- . l b 1 1  
- . o m 3  







-1.0061 -. 998s 
-.0332 
0609 

























































































3 2 6 . 7  
328 .2  
328.6 











3 3 i . n  
v 1 . m  
3 2 n . 2  
677 .3  .On37 
621.1 -.0038 
h19.2 - . 0040  
626.0 . 0 ? 3 1  
625.e -0593 
6 2 6 . 2  .n551 
6 2 3 . 9  - 0 4 4 3  
012.6 .Ob35 
678.9 .On19 
631.9 - 0 8 8 4  
615.6 .On47 
6 1 8 . 4  . C r W  
618.1 -.9?1S 
h l S . ?  - .C547  
619.4 - .0477 
6 1 7 . 1  - .0531 
611.1 -.a753 
619.6 -.68?Q 
674.1  -.OR53 
017.9 . o o i 7  
A W R I G F  1 1 C  SPEED 1 h 1 1 0  * . I 2 0  AVERAGE OF I B O V E  V I L U E S  71.4 -0519 .OObl4 192.1 378 .7  622.7 
‘1- . 
-.0174 -. O S 6 1  
-.I140 
- . ? * I ”  
- . w ! c  
- . 4 3 6 2  
- .46?3  
- . 5123  
- . 5 2 4 4  
- . 5 7 4 7  
- . o 1 7 h  
.01?3 
. 2 1 3 1  
.+0b9 
. 4 7 * 4  
.5594 
.51h5 
. 0 9 w  
. 3 - 3 n  





R U N  I 6 1  C n N F I C U R A T I I N  1 5  
C O I N 1  V . l T  ALPHA B E T A  C H F  C A F  CPW CRM CYM C<F C H I  r T S S l G  CHSSIG V T  0 O S  CVMS C S F S  
3273 29.9 -0  0.0 .OM60 .I123 -.Dl55 .0026 -.0323 .309b 66.9 .0497 .00455 192.5 146.9 400.8 - .0110 .00'45 
3276  29.9 9.8 0.0 -0345  .0773 .0009 -0019 -.0170 - .OOZb 61.5 .0571 .00509 191.6 146.5 433.4 -.OD57 -.@009 
3275 29.9 4.0 0.0 . O S 4 2  .OB37 -.e066 .OOlb -.0069 -.0219 64.6 .0522 .OOkbS 192.9 146.1 413.8 -.0324 -.OD77 
3 2 1 6  29.9 - . 3  0.0 -0797 . l o b 2  - . 0154  .0024 -.0287 .0089 67.5 .0501 . 00459  189.3 1 4 0 . 9  394.1 -.0107 .0033 
3217  30.0 - 5 . 0  0.0 .0420 .I325 - .0140 .0038 - .0422 -.OObD 69.8 . 0464  .50427 190.7 147.7 380.1 -.0164 -.OD23 
AVERAGE T I P  S P C E O  R A T I O  = .OM0 A V E R 4 G E  'lF ABOVF V A L U E S  66.1 .0511 .004b3 191.3 146.1 6F4.6 
R U N  I b ?  T n N F I G U R A T I O N  3 5  



















. I l l 9  
.06h9 
.0912 
.IO91 . I 2 9 5  
.I414 





- . o i n o  
-.0019 
-.0019 -. 0020 
- .0019 
- .0026 







.291b 67.7 .0491 
.I525 61.9 .0553 
.2046 65 .0  .0520  
-2890 67.4 .049+ 
-3935 6 9 . 4  .0462 







146.1 397.0 -.0173 
144.5 4 2 5 . 3  - .0001 
144 .5  390.0 - .0174 
144.9 378.5 - . 0 2 5 0  
145.3 361.9 -.0299 
1 4 6 . 5  4c7.3 -.on81 
AVERAGF I I P  S P F E O  P A T I O  = .OB0 AVERAGE OF 4 0 0 V F  V A I U F S  67 .1  -0492 ~ 0 0 4 1 1  191.5 1 4 5 . 0  393 .3  
.1071 




P l l N  163 C O N F I G U R I T I I 1 N  3 5  
P O I N T  V s K T  ALPHA B E I A  CYF CAF C P M  CR* C Y *  C S F  C H I  C T S T I G  C M S l G  VT 0 O S  CYWS C S F S  
3284 79.8 - . O  20 .0  - . I 0 4 3  .LIB9 - 0 2 9 1  . D C 6 4  -.0292 - . 2688  66.1 .0502  .OD456 1 9 2 . 4  145.7  401.6 -.01P6 -.C975 
3285 29.7 9.8 20 .0  --0940 .On72 -0240 .0036 - 0 2 6 8  -.2754 61.3 .0561 .00508 197.7 144.1 k79.7 .0300 -.0974 
3286 29.7 4 .0  29.0 - . I176  . O W 1  - 0 2 9 0  - 0 0 5 0  -a0057 -.2444 64.3 .0524 .DO468 192.5 144.1 411.7 -.0@2C -.@E56 
3207 79.5 - . I  20.0 -.Opt7 .Ll56 -0276 -0065 -.0291 -.2759 66.1 .0500 .0045+ 190.4 142 .2  392.0 -.Oli)h - . l o30  
3288 39.0 -5.0 20 .0  - 1 3 8 9  . I 3 3 3  -.0106 .0090 - .0080 -.6692 69.3 .0468 .00432 192.9 147.7 387.3 -.0031 - . I709  
3219 30.1 -9.9 20.0 - 0 0 1 5  -1417 -e0179 -5087 - -0244 -.SI44 71.8 . 0433  .00408 191.6 148.5 367.5 - ,0099 -.I674 
AVERAGF T I P  S P E E D  R A T I O  = .080  AVERAGE OF A B W E  V A L U E S  66.7 .0498 .00454 192.3 145.4 398.3 
R U N  164 C O N F I G U I A T I O N  25 









































-.o 1 8 J . O  
-.O -170.0 
- .0  -160.0 
- . O  -150.0 
- . I  -140.0  
.O -130.0 
.o -120.0 
. I  -113.0 
. I  -100.0 
.O -90.0 
- .o 110.0 
-.O 170.0 
- . I  lbO.O 
- . I  150.0 
-1.0 140.0 





















-.4367 - .4898 






- . O I L 8  
-.0235 
- . M 5 8  
-.IO14 
- . 1 6 R 5  




- . 0230  
. 0 1 h 8  -. IO43 













- .0226 -. OD01 









. O O O l  -. 0006 




- .OIL7  
-.0136 
- . D l 4 3  









































- . I O 8 8  
-.2516 - .5166 -. 7473 





























































0 .0  
0. 0 . . 
0 . 3  
0.0 








0 . 0  
















127 .1  








329 .8  
328.6 -.0001 
326.6 - .0252 
327.4 -.Ob51 
329.0 -.1365 
327.8 -. 2227 
326.6 -. 3035 
329.0 --2112 
379.8 - . 2030  
327.1 - . I 6 4 5  
321.6 -.2826 
A V E S A G F  T I P  SPEFO R A T I O  = .OOO AVERAGE OF A 0 O V F  V M U F S  90.0 A 0 0 0  .OOOOO .O 328.2 378.2 
C O I N 1  V e l 1  ALPHA O E T A  
3363 30.4 0.0 180.0 
3344 30 .3  -9.9 100.0 
336s 30.4 -4.9 180.0 
3346 30.4 . I  100.0 
3367 30.4 5.1 100.0 
3340 10.4 10.1 180.0 
AVFRAGE I l P  S P F E O  R A T I O  
C N F  
-0328 
.O02b 
- 0 5 9 0  
.0321 
- 0 2 0 7  
-.0*11 
= .ooo 
R I I N  165 C O N F I G U I A T I O N  25 
C A F  CPM CRM CYM C S F  CHI C T S S l G  
-.IO01 .0061 .OOOO .0004 -.0229 90.0 .OOOO 
-.0402 - .0172 .0006 -0057 -.OW5 90.0 .OOOO 
-.Ob44 -.0051 .0001 -0017 -.0012 90.0 .00OO - .0907 .0064 - .OOOO -.0007 -.02C3 90.0 .9000 
-.I232 .0197 -.0004 - .OOlb -.0107 90.0 .OOOO 
- . I 4 3 3  - 0 2 4 8  - .0002 -.0055 - . O M 0  90.0 .OOOO 
AVERAGE 3 F  ABOVE V A L U E S  90.0 .OOOO 












0.9 146 .5  
0.3 146.5 
3.3 146.5 
.O  146.4 
-.0218 . E719 . ..
.2100 
.51*2 
- 9 1 2 1  
1 . 0 6 4 ~  












- . ion@ 
OS CVMS C 5 F S  
146.9 .0004 -.0229 
le5.7 .0057 -.OW5 
146.5 -0517 -.0012 
l(b.5 -,DO07 - . 0263  
146.5 -.DO16 -.03"7 
















C O N F I G I W A T I O N  2 5  
CVW C S F  C H I  C T S S I G  
.0211 -.I187 90.0 .oooo 
-0395 - . I 4 8 6  90.1 .OOOO 
-0314 - . IO81  90.0 .OCOO 
-0216 -.I159 90.0 .G330 
-0Zb8 -.I203 90.0 .OOCO 
-0291 -.I557 90.0 .>I30 









P O I N T  V.KT ALPHL OETA C N F  C A F  
3349 30.4 -0  110.0 .0297 -.I211 
3350 30.4 -10.0 110.0 .Ob14 -.0519 
3351 30.4 -4.9 170.0 .0461 -.0774 
3352 30.4 - 1  110.0 . 0 2 b 3  -.IO70 
3353 30.4 5.1 110.0 .Otbb -.I294 
3354 30.4 10.0 170.0 - .0030 -.I448 
AVERAGE T I P  SPEED RATIO * .OOO 
















os C V M S  CSFT 
145.5 , 0211  - . I I P l  
l4b.5 .9195 -. 1486 
146.5 . @ > I 4  - . l C n l  
146.5 .J77t -.I159 
144.5 .C?OR -.I203 
146.5 .C?91 -.I557 
146.5 
3355 30.3 . O  160.0 .0470 -.I265 . 0020  
3356 30.3 -10.0 160.0 .04bb -.0396 - . 0 1 2 b  
3351  30.3 -4.9 lbO.0 . 0800  - . O b b 4  - -0051 
3358 30.3 .O 163.0 .043S -.0981 -0029 
3359 30.3 5.0 160.0 .0202 -.I216 .OI55 
3360 30.3 10.0 160.0 -0220  -.I437 .0227 
.0022 -0122  - . ? B 4 1  91.3 . 3300  .OO@OO 3.1 145.3 145.1 .C727 - . 2 0 5 7  
-0064 -0905 - . 3187  90.0 .OOOO .OOOOO 0.3 145.3 145.7 .0405 -.17n? 
-0050 -0199 -.2935 90.0 .0000 .OOOOO 9.1 145.3 145.3 .9199 -.2975 
.0021 -0136 -.2816 90.0 .OOOO .OOOOO 0.3 145.3 145.3 . G 1 3 6  - . 7 q l 6  
.OOM .0764 -e3119  90.0 . C O O 0  .00000 0.9 145.7 145.2 . ( l l h 4  - . l I l q  
..OOOO -0820 - .3610 90.0 .0300 .OOOOO 0.0 1 4 5 . 3  1 4 5 . 3  .OP?3 -.3bI1 
b V f R A C F  1 l P  SPEED R A T I O  = .OOO AVERAGE 7 F  AEOVF V L I l l F S  90.0 .On00 .OOOOO .I 145.3 145.3 
RW 168 C O N F l G l b A T I O N  Z h  
























0 .0  
.o  
.o -. 0 






- . 0 0 3 3  
.0042 
.I451 
.2109 . I236 
- . I 6 1 8  
-.IO11 





. 2 8 l b  
























. 0 1 2 1  
-.0119 
- . 0 3 6 0  
-.0087 
.0136 
. O D 0 9  
- .0038 
.0029 
. o l e1  
.0212 
.OLIO -. 0201 
-.0359 


















- . O l O b  -. 0051 
- .0043 . 0014 
,0012 
-0031 











































.@OOO . 0000 
.oooo 
.oooo 
. O D 0 0  . OODO 
.OOPO 
.oooo 




























































161 .1  
146.5 
144 .1  








1 4 6 . 9  
145.1 
146.9 
















- .Oh71  





























- . 3681  
-.6260 -. 9750 
- I  .IC?! 













I . I I O 1  
I . L O l l  
-.0340 -. 1102 











.O -. 0 
-.O 
- .o 
- . I  
- . I  -. 1 
- . I  
- . I  
- . I  






























AVERAGF T I P  SPEED K A T I O  = .OOO A V f R 4 6 E  3 F  4BflVE VALUES 90.0 . O O O O  .OOOOO .I 146.1 146 .1  
RILY 169 
rru C P M  
.0041 -.0003 
-- 0158 -. 3000 
-.OObO - .0002 
- 0 0 4 2  - .0002 
-0161 -.0003 
.02I4 - .0001 
A M R A G F  W 
C O N F I G U R A T I O N  26  
t * W  C Y  CHI C T S S I G  
.OO46 - .0220 90.0 -9000 
.0067 -.0133 90.0 .OOOO 
.0054 -.OLll 90.0 .oooo 
. O O ~ B  - .0?72  90.0  . i o r o  
.002b -.0092 90.0 .OOOO 
.00C5 - .01)lh 90.0 .OOOO 
A S W E  VALUES 90.0 .0030 
7 P O I N T  V,KT ALPHb b E l A  
3422  30.4 -.O -180.0 
3 4 2 3  ?0.4 -10.1 -180.0 
3424 30.4 -5.1 -180.0 
3425 30.3 -.O -180.0 
3426 30.3 5.0 -180.0 
3 4 2 1  30.3 9.9 -180.0 
AVFRAGF T I P  SPEED R A T l n  














. D O 3 0 0  
. 00300  
VT a 
0.7 146.9 
0 . 3  146.9 
0.0 14h.9 
0.3 146.1 
0.0 1 4 h . l  
- 7  14h.S 
0.0 14c.1 
OS t V M c  C S F I  
146.9 . 0 7 4 t  - . F 2 ? C  
146.9 .?>67 -.?I13 
1 4 5 . 9  -0154 - .0117 
146.1 .e038 - . 0 2 2 7  
146.1 .7276 -.9097 
14h.1 . @ a 4 5  -.OCIC. 
146.5 
RUN I10 C O N F I W R A T  ION 7 6  
POINT V . X T  I L W A   ETA CNF c w  r w  C R M  C V M  CSF CHI r T s s i G  
3420  30.4 -.O 160.0 .0131 -.0959 . 0 2 2 2  - .0051 . I 4 3 8  - .3bb8 90.0 .OOOO 
3429 30.5 -10.1 160.0 .0999 -.0431 -0098 - . 0032  .I595 -.GO30 90.0 .OOOO 
3430 30.3 -5.0 160.0 - 0 6 3 1  -.Ob55 - 0 1 1 1  -.OW3 .I526 -.3753 90.0 . O C I O  
3431 30.3 - . I  160.0 -0113 -.Ob96 -0221 -.DO51 .I442 -.35R2 90.0 .OOOO 
3432 30.3 4.9 lbO.0 .0025 -.Ob83 -0289 -.0061 .I394 -.3574 90.0 .OOOO 
3433  30.3 9.9 lbO.0  - .0123 - .Ob18 - 0 3 2 8  -.00112 .I447 - . 3105  90.C . O O O O  
AVFRbCf T I P  SPEFO R A T I O  * .OOO AVERAGE J F  ABOVE V A l U F S  90.0 .OOOO 
russic 
.ooooo . 00000 




VT 0 O S  C V U C  T S F Z  
0.3 146.9 146.9 . I 4 3 8  -.3bbR 
0.3 147.3 1 4 7 . 3  .I595 - . 4 0 3 3  
0.9 1 4 5 . 1  145.1 .15?h - . 3 7 5 3  
0.9 145.1 145.7 . I 4 5 2  - . 3 5 * 7  
0.0 145.7 145.1 .I304 -.3574 
0.0 145.3 165.3 .I441 - . 3 7 8 4  








RUN 111 COUP I C U I  I 
CPN CRM CVM c y  
ION 46 
CHI ClSS16 CHSSI6  
42.0 .M84 - 0 0 1 9 4  
4 2 . 9  .0486 -.00951 
43.3 . m a 7  -.029M 
43.2 . ( Y O 6  -.03105 
43.1 -0485 -.04046 
42.6 .0405 -.04861 
42-6 ,0487 - .05543 
42.3 - 0 1 8 8  -.36045 
62.1 . O W 1  -.Ob345 
41.4 - 0 4 8 7  -.Ob453 
44.0 .0486 .OOIbb 
43.6 .M85 . 0 1 3 3 9  
43.1 -0185 .02441 
42.9 .04114 .03486 
42.6 -0583 .04425 
41.9 - 0 4 8 2  .OS887 
41.8 -0483 - 0 6 3 7 3  
4 1 . 7  .Me5  .Ob660 
4 1 - 7  -0485 .ObTII 
42.6 -0585 . 0 0 1 7 9  
42.5 .wn2 .os237 
POINT V d t T  A L C H I  C E I A  CWF CAF 
- .0727 
.0181 
. I 6 1 6  
. 2 5 5 3  





- . I991  
- . 0 3 f 4  
- 0 3 1 3  
- 0 3 8 9  
.0420 
- 0 0 0 3  
-.O143 
-.0249 
- . 0 7 5 2  
-.Ob85 . OS5 I 
VT 0 o s  CYMS 
35-1  280.7  - .0101 
35.5 781.1 - . n z r ~  
36.2 283.0 -.04C2 
36.2 282.3 -.05(15 
36.2 281.9 - .Ol74  
35 .5  213 .0  -.9967 
3 5 . 8  282.2 - . I 7 6 3  
35 .5  2112.3 - . I215  
'45-5 282.5  - . I 4 3 1  
3b.7 281.9 -.I641 
38.2 285.6 - . O W 8  
36.2 2 8 0 . 7  -0993 
35.8 280.9 .OZIZ 
35.5 279.7 - 0 3 9 1  
35 .1  279.0 .OS71 
35. I 279.1 .078L 
36.3 278.5  .1?54 
34.3 279.4  - 1 3 6 5  
3 4 . 1  2113.1 .1b71 
35 .1  281 .1  . I 7 9 9  




























14 .8  
14.1  
















. o  -. 0 
.O -. 0 




- . I  -. I 
- . I  
- . I  
- .I  
- . I  
180.0 
-169.9 - 160.0 
-150 .o 
-160.0 












- . 3 3 3 3  
- .3803 - .4592 
-.4528 - .5800 













-.I480 -. 1755 









- . 1 6 2 5  -. 1966 
.onw - .0804 
- . I961  
-.3138 
-.4558 
-.bo22 -. 7617 
-.e365 
-.9918 
- I  -1451 - 1.3391 
- . 0 7 3 3  
-0717 
. I 6 6 3  
-3130 











.1611 - .0918 -. 6203 
- I  -2345 
-2.5391 
-3.3168 





















19 I. 0 
191.9  
191 .7  
.12%6 
.0914 . I195 
- 2 6 3 0  
- 3 3 5 6  
-3951 
.4106 
- 5 0 1 7  
. 5 6 h 5  
A 2 9 5  
.@710 
.. . . 

























- . 0 0 9 5  
- . 0 2 6 0  
-.02118 
- .n178 
- .0110 - - 0 7 9 2  
-.15h5 
- .23h9 
- . 3 1 9 @  .6240 
.e564 
1.1127 
1 . 3 1 2 6  
1.3703 
-.0284 -. 0362 
- . 0 3 7 4  
- . M I 7  
-.4082 
-.5?45 
- . s a 1 2  -. 5996 





. 0 3 5 @  .0035 
- 0 3 9 6  .0116 
.0222 .Ole4 
-.0163 - 0 2 2 6  
-.0063 -0250 
.O 3 4 1  -0238 
.OL25 .3162 
-.OH3 - 0 0 7 1  
- . I 1 4 7  .0012 
- . I269  .0051 
.0325 -9035 
.0436 -.0060 
.Ob08 - . 0 1 1 3  
-0156 - .0197 
. 0 0 3 7  -.0261 
-0019 -.Om6 
-.0051 -.0282 
- .OS66 - .0189 
- . I 2 3 3  - .0139 -. 1883 -.0142 
CONFIGURATION 46 
t i n  CSF CHI rrssic CHSSIG 
- .0303 .I124 5 3 . 7  -05C8 .00308 
- . I 2 1 2  -4045 54.0 -0508 - .00841 
-.2115 .621b 54.1 .0501 - .01949 
- .2925 -8704 53.9 .OS08 -.02996 
- .3713 1.0111 53.5 .05@9 - .039S5 
-.4454 1.5063 53.0 .OS09 - . 0 4 7 9 8  
-a4768 1.6994 52.9 .OS13 - .OS468 
- .5275 1.9691 53.3 -0514 -.OS971 
-.6344 2.1954 53.1 .0516 -.Ob313 
- . O W 6  .I142 56.5 .0510 .00328 
-0630 - .I226 54.5 .OS01 .01460 
-1639 - .3710 54.3 .OS06 .OZSSl 
-2731 -.7111 54.1 .OS04 - 0 3 5 9 4  
- 3 7 8 2  -1.0011 S4.0 .OS03 -04138 
-6522 -1.1388 53.6 .OS06 .OS322 
-9393 -1.bS29 53.1 .OS01 .OS981 
-6521 -2.2013 52.8 .OS07 .Ob475 
.I422 -2.2S92 52.8 . 0 5 l S  .Ob160 
.OS13 -2.5342 52.9 .OS19 .Ob860 
-.e168 2.6336 5 2 . 7  .osin -.ob443 









3 5 0 1  
3508 
3 5 0 9  
.SSLO 






3 5 1 1  
3518 
V t U l  ALPHA BFTA 
19.8  -.o 1110.0 
19.9 .O -170.0 
19 .9  - 0  -160.0 
1 9 . 9  .o -150.0 
lQ .8  .o -140.0 
19 .6  - 0  -129.9 
19.1 .O -120.0 
20.0 .o -110.0 
20.0 . I  -100.0 
1 9 . 9  . I  -90.0 
20.1 -.o -180.0 
20.1 - .O  170 .0  
20.0 -.O 160.0 
1 9 . 9  -.o 150.0 
19.9 - . I  139.9 
19.8 - . I  130.1 
1 9 . 1  - . I  120.0 
19.6 -.I 109.7  
19.8 -.I 100.0 
20.0 -.I 90.0 
C NF 
-0926 
-0 199 - 001 6 




-1.0288 - 1.3644 
-I .5071 
.LLZI 














- . 2 2 * 9  
- A 0 6 5  -. 3141 
- 2 2 2 7  - .133t 
- . I 4 3 6  
- . 1 3 4 9  





-.+Is5 -. 3446 





191 .7  






































322.2 - .0245 
322.1 - .OS90 
322.2 - .0757 
323.1  - .OR15 
323.0 - . 0 9 3 b  
325.6 -.1359 
326.2 - . I 2 1 2  
327 .0  - . I 6 1 9  





321.1 - .n428 
323.5 .0911 
320.3 -1075 
319.4 . I 2 8 7  
324.4 -1478 




. 1 2 5 8  
.1772 
.>166 
.2959 . ?337 




- .0755 -. 1442 
-.2044 
-.2295 
- .3293  
- .4352 
- .4499 -. 5 0 9 2  
A V E R I C I  T I P  SPEFO R A 1 1 0  = .OS3 4VER)IGE 'JF LIOVE V4lUES 53.5 .OS10 .00272 191.6  64.8 322.9  
RJN 173 C O W F l W l I T l l l N  46 









































24 .9  
LICE 1 l P  
-.O -180 .0  .1757 
0.0 -113.0 . I 3 1 8  
0.0 -160.0 -2226 
.o -150.0 .I420 
-0  -160.0 - . O W 3  
- 0  -130.0 -.%Ob 
- 1  -120.0 - .9701 
. I  -110.0 -1.0867 
. I  -100.0 -1.1864 
- 1  -89.9 -1.1624 
- S O  180.0 . I 7 2 3  
-.o 110.0 . I 2 8 9  
-.O 160.0 . I S 4 7  
- . I  150.0 . I 9 4 0  
- . I  140.0 .I134 
- . I  130.0 -.O82b 
-.I 120.0 -.5306 
- . I  110.0 - . I 8 3 1  
-.I 100.0 -.9020 
- . I  90.0 - . e 4 4 9  
S P E m  a r i i n  - . o b i  








- . 2 7 5 1  
-.I236 
- . I 1 3 5  
-.I211 
- . I 1 1 0  -. 1357 
- . IS42 
- . I 7 2 9  
-.LO03 
- .2453 
- .2984 -. 2557 
. 0 3 1 2  
-0359 
. 0 2 5 8  
-.0105 -. 0243 




. 0 3 0 5  
.Ob11 
.0442 
- 0 2 7 5  
- 0 1 7 1  
- 0 0 7 9  
- 0 0 7 3  









. O I M  
.0128 
























. I 3 7 5  
. Z I 8 3  




















-e9652 - 1.0718 









6 1 . 2  
6 0 . 7  
60.5 












6 1 . 1  













.OS41 . 0 5 4 7  

























191 .3  
192 .4  




192 .3  












102.0' 317.4 - . O W 6  - 0 1 7 9  
1 0 0 . 4  373.6 -.0259 .0116 
lM.3 315.1 -.0482 .I475 
104.0 378.1 -.0721 . I824 
103.6 318.5 -.0864 - 2 1 7 3  
103.2 310.0 - . lo21  .2ke6 
102.0 379.7  -. 1055 - 2 5 3 5  
101.2 378.6 - .1020 -3331 
107.0 179.6  -. 1164 - 4 1 0 3  
1 0 2 - 0  3C1.0 -.12*4 -6837 
107.1  382 .7  -.0059 -0081 
101.6  376 .4  - 0 1 4 9  - .MI2  
102.4 374.9  -0316 -.I133 
101.7 37'4.3 .OS92 - . I 5 7 9  
190.4 373.3 .0998 - .2597 
101.2 377.1  -1142 - .2177 
191.7 317.4 . I 1 8 6  - .3262 
100.8 377.3 .1246 -.?fib9 
100.0 371.2  .I462 -.4832 
102.1 376.9  
101.2 372 .3  .onlo -.207r 
57 
APPENDIX 
R W  174 C O N F I W R A I I O N  $ 6  
C O l N l  V t K l  M P W A  8ETA CNF CAF C P I  CIIM C V M  CSF C H I  C T S S I G  C H S S l G  V T  0 O S  CY'S T 5 F S  
3SSS 30.0 0.0 (80.0 
35Sb 30.1 - 0  - 1 7 0 . 0  
3 5 S 1  29 .9  -0  -160.0 
3SS8 29.9  -0  - 1 M . O  
3SS9 30.1 -0 -140.0 
3SbO 30.0 - 1  -130.0 
3S61 29.9 . I  -120-C 
3S62  30.1 . I  -110.0 
3563 30.0 . I  -100.0 
3S64 30.1 - 1  -90.0 
3SbS 30-1 0.0 110.0 
35bb 29.9  - -0  170.0 
3S61 2 9 . 9  - - 0  160.0 
3568 30.0 -.O lSO.0 
3S69 30.1 - - 0  140.0 
3510 30.0 - . I  130.0 
3 S l I  29.8 - . I  120.0 
3 S l Z  29.9  - . I  l l O . 0  
3573 30.0 - .O 100.0 
3514 30.0 -.I 9 0 . 0  
AVERAGE I I P  SPEED R A T I O  
l66b 
. I 3 2 0  
-2216 
-24S9 
- . I049  
- .2867 
-.%55 









- . I O 8 6  
- . b 3 4 b  
- . I 4 9 8  





- . 0 7 5 0  
-.IO41 








-.0915 -. OW7 
- . I 1 9 1  
-.I450 
- . I 6 3 7  
- 0 2 9 3  
- 0 3 4 9  
- 0 3 1 3  




- . 0 1 8 1  
-.0328 -. 0232 
. 0 2 1 1  
- 0 3 8 2  
. 0 1 7 6  
. 0 2 l 9  




. 0 1 2 7  
-.0001 
A 








.0050 . ooss 
.DOL6 -. 0039 











- .28OS .6549 
- . 3 l 3 7  -1846 
- . M I 6  - 9 2 8 4  
- .3259 - 9 9 0 4  
- . )I66 1.13S2 
- .323C l .2SOl 
- . O l l 3  .02S4 
. O S S 9  - . I 5 2 9  
-1219 - .3920 
. Z I O 4  - .S216 
.2643 - . 6 9 1 2  
.3264 - . P I 0 1  
.38l4 -1.066b 
-3811 - 1 . 0 1 7 0  
-362s - I  .0105 
- 3 7 8 6  -1.284s 
I F  A8DVE VALUES 
6 1 . 2  
6 1  -2 
61.1 
5 7 . 1  
61.1 
















.OS70 . 0 0 4 3 9  
.OS71 -.OOlI9 
. o s 1 0  -.Dl848 
.9570 -.02913 
- 0 5 7 6  -.0389b 
. 0 5 7 9  - . 0 4 l S k  
. O S 8 0  - .OS430 
. 0 5 7 9  -.OS931 
. 0 5 8 0  -.Ob246 
. 9 5 7 9  - .Ob353 
. 0 5 7 0  .00436 
.OS67 .OIS82 
-0565 . 0 2 6 9 4  
.OS65 .03733 
.OS64 . 0 4 6 5 7  
.OS66 .5S462 
.0561 .Ob113 
- 0 5 7 2  -06603 
. 0 5 7 3  - 0 6 9 0 4  
- 0 5 7 s  . 0 1 0 1 7  
. 0 5 7 2  . 0 0 3 7 8  
192.2 










191 .9  
191 .9  
192.1 
192- 3 
1 9 2 . 4  
192.0 
1 9 2 . 5  
192 .2  
191 .9  
192.1 
1 4 5 . 3  
1 1 5 . 7  
144.5 
144. 1 
l 4 b . 5  
1 4 5 . 3  
144.5 
146.1  
145 .3  












439.7  - . 0033  
4 3 1 . 7  - .0?84 
4P9.0 -.0520 
428.2 - . 0 8 1 8  
431.C - .0949 
4 3 3 . 6  - . I139  
435.5 - . I F 9 3  
k35.3 -.IO57 
436.4 -.IO80 
430.9  - .0038 
425.7  - 0 4 3 2  
4 2 7 . 9  .a715 
4 2 0 . 9  .0009 
428.b  . I 1 3 3  
4 7 8 . 7  . 1 2 1 5  
431.9 . I 2 1 9  
431.R - 1 7 7 1  
1 3 1 . 0  
433.17 - . i o 5 3  
4 2 7 . 5  . n i w  
4 3 i . n  .1.?95 
.!I137 . Oh13 
.1406 
. 2344  
J * l b  
.Zh33  
. - w 4  . 3121 
A 1 8 9  
. 4 I  77  
.0011b 
- . 5 5 1 7  -. I37 3 - . I792 
-.73=.4 
- . 3 0 7 9  
-.156h 
- . 11c4  
- . 3 h " l  
- . k 7 I l  
R U N  I 1 5  C O N F I G U R A T I O N  $6 






3 5 8 7  
3588 
3 w 9  
3590  
3 s 9 2  
3 s 9 3  
3 s 9 4  
3 s 9 s  
35% 
as91 

























- -0  
- 0  
.O 
.O 
- 0  
.O 
. I  
.I 
. I  
. I  -. 0 
-.O 
-.O 
- . I  -. 0
-.I 
- . I  
- . I  - .o 




- 1 4 9 . 9  
-140 .0  
- 1 3 0 . 0  
-120.0 
















. I 9 9 9  








e l 3 9 1  








- . O l 9 9  
- . O I L 6  
-.0111 
- . l O O b  








- . 0 5 2 6  
-.Ob14 















- 0 3 S O  
-0130 
.02Sl 
- 0 2 3 7  
. 0 2 2 l  
.0141 
- 0 0 7 )  






- 0 0 7 2  
-0029 
- . 0006 
-.0019 -. 5013 
. O O l O  
-.OW3 
-.OOS8 
- . 0 0 1 0  
- .0016 - .0068 





- . I 4 7 2  
-.2266 




-.298b -. 3020 
-.0082 
.OS93 
. I  26s 
.2012 
-2S33  





- 0 2 9 7  
-1622 
- 3 7 3 1  
.b268 . b503 
.8426 
. 9 I S l  





-*3557 -. S489 
-.6239 
- . # I 9 3  
- .9166 -. 9604 
-.9413 - 1.0048 
7 1 . 7  
11 A 
7 l . b  
71 .1  
71 .5  
7 1 . 4  
7 0 . 9  
7 0 . 8  
7 1 . 0  
70 .9  
7 1 . 7  
7 1 . 1  
71 .6  
71.6 
1 1 . 4  
7 1 . 2  
71 . I  
71.1 
1 1 . 3  
7 0 . 1  
.0591 
.os92 
- 0 5 9 3  
-0594 - m9-a -.. 
.OS99 
. a 5 9 1  
.059ll 
. 0 5 9 9  
- 0 5 9 9  










-.00605 -. 01 1 3 0  
- . c 2 7 9 7  
- . 0 3 1 7 7  
- .04629 
- . O S 2 2 9  
- .a5759 
-.Ob I O 0  
-.Ob224 
.01679 






- 0 6 9 S 3  
.070bb 
.oos3r  
1 9 2 . 4  
192. I 
191 .9  
191 .6  




1 9 2 . 6  
192 .7  
192.2 
192.1 
192 .0  
192.1 
1 9 2 . 3  
192.4 
192.5  
192 .4  




1 9 6 . 5  
198.8  
1 9 7 . 0  
1 9 7 . t  
190 .5  




1 9 8 . 0  
L96.5 
197 .3  
195 .7  
194 .9  
191. b 
1 9 7 . 6  
1 9 7 . 3  
196.1 
4 9 5 . 5  
. .. 
404.3 
4 9 4 . 4  
4 9 7 . 2  
5Cl .o 
1 9 C . C  




490 .3  
4 9 5 . 9  
493.2  
493.  I 
191.9 
6 m . z  
5 0 2 . 3  
AVERAGE 1 I P  SPEED R A T I O  = -094  AVERAGE YF A N I V E  VALVES 71.3  - 0 5 9 3  .00481 192.2 197 .5  49k.4  
P O I N T  V.KT 
3653 4S.3 
3654 4S.Z 
36s) kS .2  
3bSb 45.3 










3 6 6 1  45.2 
3668 45.1 
3 6 6 9  45 .3  
I V € R A G E  1 
58 
YPPA BETA 
- .O 180.0 
-.O - 1 7 0 . 0  
-.O -160.0 
-.o - l S O . O  
0.0 -110.0 
.o -130.0 
. I  -120.0 
. I  -110.0 
. I  -100.0 
. I  -90.0 
-.o 180.0 
-,O 1 7 0 . 0  
- . I  160.0 
- . I  lso.o 
-.o 140.0 
-.I 130.0 
- . I  120.0 



















- . l o 7 1  - . I 2 1  




- . 0 0 9 2  
-.OI9S 
-.On47 
- . IZIS 








- . 0 1 9 0  
R u n  
C C I  
. 020s 
- 0 2 9 2  
-0266 








- 0 3 1 9  






I 7 1  CI 
CRI cm 
-.0002 - .0003 
.OOSI - .0102 














h I R A G E  OF ABOVE 
.om8 - . 2 9 b t  
DNF I G U A  1 
C Y  
.018S 
-1530 
. 3 3 1 6  
. b l I 4  




I . IY16 
-0130 
- . I 2 8 9  
- .3l22 -. S 3 l b  
-.63S9 -. 7318 -. 8490 
VALVES 
11ON bb 
C H I  C T S S I G  C H S S I G  
r 7 . 9  .Ob16 . 0 0 1 1 2  
11 .8  .Ob17 .00104 
17 .7  - 0 6 2 0  . 0 0 7 1 2  
1 1 . 7  -0623 . 0 0 7 0 6  
? l . b  - 0 6 2 9  .DObbS 
77.S  - 0 6 2 9  .DO641 
17.5 .Ob20 .00624 
17.5  ,0623 .OOS81 
11 .S  -0622 .00540 
1 1 . 4  .Ob24 .OOSlO 
1 8 . 0  .Ob18 .00706 
1 7 . 9  .Ob16 . 0 0 6 9 3  
' 7 7 . 9  &b13 .OOblb 
77 .8  -0613 -0ObbS 
1 7 . 7  .OCL9 .00644 
17.6  -0618 . D O 6 4 1  
1 1 . 6  .Ob21 .0065l 
1 1 . 7  .0423 .00653 
- .?>29  -. 0314 




- . l Z P I  -. I179 
- . I 1 9 2  -. 1207 
- . 0 3 3 3  





. I368  





- 2 5 7 1  
. 9 * 1 1  
. 7 b P 1  





- . 2 2 0 7  
- .?195 
-.3256 







192.J  329.0  
192.2  3 7 7 . 4  
192.4 3 2 7 . 0  
192.1 329.0  
191.1 3 2 1 . 0  
1 9 1 . 3  3 2 7 . 0  
191.2 3 2 7 . 0  
1 9 1 . 1  3 2 7 . 0  
191.0 379.0  
191 .1  328.6 
191.) 1 2 9 . 6  
1 9 l . l  327 .0  
191.9 329.0 
IPI.'4 321.6 
191.8  378.7 
191.5  32b.b 
191.4 329.F 
1 9 1 . 5  321.0 
os  w n s  r w ?  
b 3 S . 1  -.3902 . 0 9 9 6  
6 3 5 . 4  - .9102 . 0 7 8 9  
6 3 1 . b  -.n7CO . I 7 1 6  
6 3 9 . 4  - . I 1 7 4  . 3 l 4 b  
6 1 4 . 9  -. 1571 .*IS1 
636.9  - . I460  .he80 
634.5 - . I 4 7 5  . 5 7 ^ 5  
b 7 5 . 3  - .1475 . 5 7 2 7  
63b .7  - . I ? @ *  .51145 
b31.9  - . ' O C 9  .C0*7 
5 3 1 . 1  -0'431 - . 1 b C 9  
637.6 . -I690 - . I 6 7 1  
631.2 . I 0 9 7  - .2751 
b35.9 .I339 - .7?*7 
6 3 7 . S  .I495 - .3913 
6 3 4 . 2  I 5 7 1  - . 4 3 9 ?  
bJS .4  
638 .1  -.IWO .3172 
. 
.w - 
. t .  
A 
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aw 177 C O N F I G l P 4 l l O N  46 









































. O W 8  
.0014 -. 0002 
.0002 























.0547 . 3512 
. % I 2  


















41 6 -4 






. o m  0 
.0101 
-.0027 







4VER4GF I l P  S P F f O  R 4 1 l O  = .On1 4VER4GF (IF AROVE V4LuFS 6 8 . 3  .0544 .00374 191.4 146.0 415.2 
PUN 178 
P O I N T  V . U l  4 L P P 4  W l A  CYF CAF CPM C R M  
3683  30.1 -.O 160.0 .1527 - . O B 4 8  .0378 -.OW0 
3684 30.0 -5.3 160.0 .1319 - . O s 1 7  .0?60 - .0053 
3685 33.0 -0  100.0 . I 4 9 8  - .O74.  .C371 -.OW0 
3686 $0.0 5.0 160.0 .a434 -.LOO3 .0433 - . 0087  
3b87 30.1 10.9 160.0 -.0980 -.OB95 - 0 4 2 4  - . 0 1 l 3  
4VERAltF 1 l P  S P F F n  I 4 1 1 0  3 .OB1 AWFRACF ?F 
C O N F I G U R L l I l N  46 
CVR CSF C V I  C T S S I G  C H S S l G  V l  0 O S  C Y M S  CSFS 
.I336 -.3882 h8.3 .0553 .00355 191.7 145.7 415.4 .Q469 -.1361 
.136R - . 3 5 8 9  68.5 .0569/0315 192.3 144.9 429.0 .04b2 - .1246 
.1345 -.3973 67.9 .354C .00346 191.1 144.9 413.1 .C472  -.I359 
- 1 3 4 9  - - 1 7 2 2  b7.1 . 0 5 1 1  .00312 191.7 144.9 397.5 .@k92 -.1539 
- 1 4 4 0  -.3928 6 7 . R  -3476 .DO293 191.6 145.1 181.1 .1549 -.1497 
4BOVE V A I W S  68.0 .0529 - 0 0 3 3 6  191.6 145.1 4 0 7 . 2  
RUN 179 C0YF IGlJP AT I O N  16 
P o w 1  v , K r  4 ~ ~ 1 4 4  R E T &  CNF C A F  c p n  r w  cvn CSF CHI ciss1G CMSIG v i  o o s  r r r s  CIFS 
3688 30.1 9.9 -159.9 .2155 -.Ob10 .03I9 .0105 -+I534 .442I 68.0 .9549 .00358 190.9 145.7 415.6 -.3538 .I55C 
3689 30.0 -5.0 -159.9 .I635 -.0349 .0206 .0078 -.1519 -3829 68.1 .OS11 .00366 193.8 1 4 1 . 9  434.5 -.0501 .1.271 
3690 30.0 .O -159.9 . 2 2 0 3  - . 0 5 8 0  - 0 3 2 5  -0108 - . I 5 6 1  .4529 67.8 .0546 -30352 191.7 144.9 415.7 -.0544 -1579 
3691 30.1 5.1 -159.9 .lo85 -.Ob73 -0355 -0125 --1632 -5153 67.6 .CIS14 .00320 191.8 145.3 k0O.R -.0591 . IO68  
3692 30.1 10.1 -159.9 .0010 -.067I - 0 3 6 7  -0141 -.1744 -5563 67.8 .0478 .00301 191.8 145.7 383.4 - .0663 .2114 
4VEIAC.F 1 l P  SPEFO R 4 1  IO * . O B I  LVER4GE J F  4 8 0 W  V A L l E S  67.9  .0532 -00339 192.3 145.3 419.0 





















' V V K l  4 L P Y 4  R E 1 4  
45.4 -.o 180.0 
45.1 -.O -170.0 
45.3 -.O - l b O . O  
45.3 -.I -150.0 
45.1 . J  -150.0 
45.0 . O  -130.0 
45.0 .I -120.0 
C5.0 .l -110.0 
45.2 .l -100.0 
55.2 . I  -90.0 
45.3 -.3 180.0 
45.2 -.I 170.0 
45.0 -.I 160.0 
55.2 - . I  150.0 
45.1 -. 1 140.0 
55.2 -.O 129.9 
45.2 -.o 120.0 
45.1 -.l 110.0 
55.3 -.l 100.0 
l4GF 1 I P  SPFFD P 4 1 l O  
CNF 
.09k I 
- 0 8 0 2  
-1239 
- 3 0 5 2  
- . I 2 8 7  
- .2630 











- . 4 3 4 3  - -121 
aim 180 CONFlGUR4TlON 45 
CAF CPM C R M  CVM CSF CHI  CTSSlt CHsSIfi V T  0 OS CYMS CSFS 
- .0245 .022Z -.OOOO -.OOl7 .0111 77.4 .0637 .00734 193.0 330.6 651.1 -.0109 -0092 
-.0199 .OLE9 .0010 - -0303  -1369 77.4 .Ob38 -00738 192.4 327.3 645.8 -.0154 -0541 
-.0080 -0062 .0002 -.0758 -2602 77.k .Ob40 -00752 192.5 329 .8  649.4 -.0385 -1371 
-0282  --0346 --0031 -.I517 -6257 17 .5  .0636 -00744 192.0 330.2 646.9 --0174 -3194 
-.0099 - . 0 6 0 2  - -0049 -.2146 -6515 77.3 .Ob44 .DO691 190.9 326.2 643.4 -.la811 .?I304 
-0005 -e0373 -.0047 -.2406 .LIP9 77.0 .0648 .00670 192.5 325.5 6 k 9 . 5  -.1206 .3401 
-.0919 - -009+ - - 0 0 8 S  - .2k06 - 7 7 4 8  77-1 .Ob51 .00657 190.1 325.5 645.2 -.1214 .39Oe 
-.I365 -.0217 -.0128 --1924 -85S8 77.3 -0640 .00612 192.5 325.8 646.1 -.C971 -4316 
- . I 3 7 6  - - 0 2 6 3  -.0153 -.1815 -9370 77.0 .0643 -00576 191.5 321.4 646.0  -.0920 -4759 
-.3R94 -.9171 --0161 -.1672 -9593 71.0 .O6kb -00531 190.7 3 2 8 . 2  645.2 - .0850 -4879 
-.0261 -0217 -.0001 - .0032 -0113 77-6 .Ob37 -00737 191.5 330.2 655.5 -.OOlb -0058 
- .0?8S .0?20 - .0007 -02kl -.011t6 77 .6  -2635 .50729 191.5 126.6 643.2 -0123 -.0427 
-.OZOP -0119 -0003 -0113 -e2622 77.6 -0630 .00705 191.2 325.1 636.7 -0765 -.I342 
- . 0087  .0101 .0020 -1319 *.4428 17.6 .0630 -00690 191.6 328.6 641.1 -0676 - .2269 
-.OMS .OZlO .0021 -1871 -.5592 17.4 .Ob31 .Or669 192.1 3 2 6 . 7 ~  640.7 .0953 - . ? O W  
-0004 .0215 - 0 0 4 3  . 2252  -.6009 77-3 .0637 . O D 6 4 9  191.7 328.6 654.5 -1141 -.3064 
--0515 .OLE1 -0069 -2351 -.b117 77.1 .Ob43 .OW53 191.5 321.4 645.5 -1193 -.3431 
-.0969 - 0 0 2 5  -0107 -2123 -.7101 77.2 .0635 .OW46 191.3 326.2 639.4 .lo83 -.3929 
--0967 -.0080 .OlSO -1969 -.I3748 77-2 - 0 6 3 6  .OOb23 191.0 329.0 642.4 .lo08 -.4489 






3125 3S.1 -.O 180.0 
3121 3S.l  - 0  - 1 1 0 . 0  
3121 3S.l  0.0 -160.0 
3 1 2 8  35.3 -.o -150.0 
3129 3S.3 -0  -140.0 
3130 35-2 - 0  -130.0 
3131 311.1 . I  -120.0 
3132 35.0 . I  -110.0 
3133 35.1 - 1  -100.0 
3134 35.3 . I  -89.9 
3135 31.3 0.0 180.0 
313b 35.3 -.O 170.0  
3131 35.1 -.O 160.0 
3138 35.1 -.O 150.0 
3139 35.0 - . I  140.0 
3140 35.2 -.O 130.0 
3141 35.2 - . I  120.0 
3142 35.1 - . I  110.0 
AVEKAGF T I P  SPEED R A T I O  
. I 3 8 4  
-1368 
. I 1 1 1  
. 2 1 l S  
-.0119 -. 0969 
- . 2 1 o s  
-.4312 
- .5299 
-.5233 . I350 
. I 2 2 2  
. I S 3 9  
.I418 
.OS84 -. I 1 0 5  
- . I 8 9 3  - .3605 . .094 





- . I 2 6 3  -. 1218 
- . I188  
-.Ob89 
- .0513 - .OS39 -. 0501 - .043S 
-.os14 - -0661 
- .om1 
- . 0 9 3 9  
-0283 .0011 -.OObk 
-025s .0026 -.0315 
. O I L 2  -0024 -.OM13 
--012b -.0002 - . I 4 1 3  
-.0354 .0009 - . I 9 9 6  
-.0231 - .OOlO - .2211 
--0126 --OObS -.22S1 
-.0290 -.OLOS - . I 9 0 9  
-.0413 -.0130 - .10S1 
- . 0 5 2 1  -.0131 - . I 8 0 1  
-0296 -0012 -.0001 
-0304 .0002 .0220  
-0246 .OOOZ -0109 
.0242 .0005 - 1 3 0 9  
-0113 -0009 . I 9 3 4  
.0209 .0021 . 2 2 0 5  
-0137 -0039 - 2 3 5 2  
-.0002 . 0 0 6 1  - 2 3 6 9  
LVERAGF 3F AQOW 
- 0 3 3 9  
.I117 - 3004 
.5853 - S396 
-6514 
- 1 4 9 3  
.E131 
-11950 
- 9 1  110 
.O200 -. 0804 
- .2118 
- .4414 
-.SO76 -. S0EO 
- .7195 -. 7890 
VALllES 
1 1 . 1  
1 2  .o 
1 1 . 8  
1 1 . 9  
11.8 
11.7  
1 1 . 5  
1 1 . 2  
71 .1  
1 1 . 1  
72 .  I 
12.1 
1 1 . 9  
11.9 
1 1 . 7  
1 1 . 6  
7 1 . 6  
11.4 
7 1 . 1  
- 0 5 9 3  
.OS91 
.OS92 
- 0 5 9 3  
-0596 
- 0 5 9 4  . M 9 3  
- 0 5 9 4  
- 0 5 9 7  
. 0 5 9 9  
. 0 5 8 9  
.OS81 
.OS83 






. 0 0 5 4 9  
-0OS54 
. 0 0 5 3 9  
-0053s 





- 3 0 3 1 9  
.OOSbl 
.OOS49 
. 0 0 5 3 4  
.00525 
- 0 0 5 1 3  






1 9 1 . 4  
191.5 
191 .6  
191 .5  
191 .5  
191.0 
191.6  
1 9 1 . 6  
191.7 
191.S 
191 .5  








1 9 1 . 6  
1 9 9 . 6  
200.0 
1 9 9 . 2  
191-  6 
1 9 6 . 5  
191 .6  
700 .0  
199 .6  
199 .6  
191 .6  
197 .6  
196 .5  
190 .0  
190 .0  
100.4 
i q n . 4  
493.4 -.0326 
480.3 -.015? 
490.1  - .035? 
493.1  - . 0 5 9 6  
495.2  -.OLIO6 
4 9 3 . 4  - . 0 0 9 5  
491.1  - .093b 
4 9 0 . 7  -.@764 
403 .5  - .0741 
496.9 - . 0 7 2 5  
C 9 O . b  -.DO33 
4 9 9 . 5  - 0 0 9 6  
4R5.1 07 6 . 0 2 9 7  @q32 
505.2  - 0 1 0 3  
499 .6  .OW3 
4 9 3 . 7  .0951 
491.1  
491.9 .on91 









. 3 0 9 5  
- 0 1 1 7  
-.03hC 
-.I126 
- . I 7 9 5  
- .?379 
-.?37r, 
- . ? 9 l c  
- .P194 
RUN 187 CONFIWIITION 6 5  
CAF CPP C R M  C V M  CSF C H I  C T S S I C  
- .Ob73 - 0 3 7 0  .OOll - .0085 - 0 4 2 7  b8.0 .OSb8 
- . O S 0 6  -0781 -0041 -.0441 - 1 4 0 1  6 7 . 6  .0565 
- . 0 4 1 1  - 0 1 6 9  .0049 - .0931 - 3 4 2 2  6 1 . 9  - 0 5 6 8  
-.02R3 -0006 .0033 - . I476  -5665 6 1 . 9  - 0 5 6 1  
- . 0 0 2 9  -.0243 .OOSO - . Z O O 4  .%54 6 1 . 1  . O S 6 0  
- .0965 -.0215 .0031 - 2 3 9 0  -6116 41.2  . 0 5 6 7  
-.I401 - . 0 2 5 9  - . b o l l  - . 7 3 9 4  - 1 3 3 4  61.9 . 0 5 7 2  
- . I 5 6 9  - .0365 - .0045 - .2096 .BO97 6 1 . 0  -0515 
- . I l l 4  - .OS33 - . 0 0 1 0  - . I 9 2 5  - 9 5 0 1  6 6 . 9  .0517 
-.OB95 - .0555 -.0014 - . I 9 1 1  1.0101 6 6 . 1  .OS15 
-.Ob14 -0316 . O O l l  - . 0 0 9 7  . 0 3 3 0  67.1 . O S 6 6  
- . 0 1 1 2  - 0 3 3 4  .0002 .0225 -.I912 6 1 . 9  . 0 5 b l  
- . 0 1 6 0  -0299 - . 0 0 1 5  . 0 1 6 3  - .200b 68.1  .056? 
-.0710 - 0 2 3 1  -.0026 .I422 - .4041 61.11 . O S 6 0  
-.O962 -0110 -.OD37 - 1 9 9 6  - .552S 6 1 . 8  -0562 
-.I140 -0120 -.004S .2318 - .6924 6 7 . 1  .OS62 
- . I 2 2 1  - .0069 -.0020 - 2 1 1 4  -.e318 6 7 . 3  -0566 
- . I 3 9 1  . 002b  -.0004 -2615 - .0260 6 7 . 0  .OS10 
- . I 8 1 2  -.0144 -0030 -2312 - . 9 1 3 1  6 6 . 9  .OS10 
AVERAGE OF A0WE VALUES 6 7 . 5  . O S 6 1  
T P O I N T  V . K I  ALPW B E T I  
3 1 4 s  30.4 -.O 180.0 
3146 30.2 - . O  -110 .0  
3141 30.3 0 . 0  -160.0 
3148 3 0 . )  -.2 -150.0 
3149 30.2 -0  -140.0 
3 1 S O  30.1 - 0  -130.0 
3151 30.2 -1  -120.0 
31SZ 30.2 . I  -110.0 
3153 30.2 . I  -100.0 
31% 30.2 . I  -90.0 
31S5 30.2 -.O 160.0 
3156 30.3 -.O 110.0 
3151 30-4 -.O LbO.0 
3158 30.2 - . I  150.0 
3159 30.2 - . I  140.0 
3160 30.3 - . I  130 .0  
37bI 30.2 -.I 120.0 
3162 30.2 - . I  110.0 
3163  30.1 - . I  100.0 
AVERAGE 11P SPEFO R A 1 1 0  
C NF 
. 1634 
. I 6 0 6  
. I 9 8 4  
.2321 
.0052 
- . I 6 6 4  
- .5433 -. 1812 
-.8Olb 
-.'IS75 
. I  585 . 1430 








- 0 0 5 0 3  
.004112 
.00486 
- 0 0 4 7 5  
.00447 
.00407 
- 0 0 3 6 9  
- 0 0 2 9 3  
.00249 
. 0 0 4 9 8  










V T  
191.2 
192.4  
191 .3  
192.4 
190 .6  







191 .9  





190 .9  










146 .9  
1 4 6 . 9  
146 .5  









3s r w c  
4211.5 - .015z  
4 2 9 . 1  - . e 0 2 9  
420.4 - .e321 
4 7 7 . 9  - . 05@9 
4 2 4 . 4  -.Ob90 
4 2 7 . 4  - .OB15 
433.8 - .OB12 
4 3 1 . 1  -.0114 
433.6 -.Ob57 
4 3 7 . 4  - . O M 9  
426.3 - .0933 
4 7 6 . 6  . 9 q l l  
475.2 .02Lb 
4 7 2 . 5  .OS92 
4 2 3 . 0  ,0692 
425.1 .0106 
415.6 .093? 
426.7  .0511 
427. 6 
4 ~ 7 . 4  .OI)PS 
t5f5 
.e140 
. 0 5 @ 7  
. I 9 4 0  
.22n3 
. 7 7 5 9  
.3271 . M 35 
.0115 
-.4>349 
-.C977 -. 16C5 
- . I 9 1 5  
-.74')0 
- . 28?6  
- .3124 
. i i n ?  
.1n78 
.z5n7 
- . 2064  I 
R l W  
CPM 
-03% 
- 0 2 9 3  
. O l l l  
-.OM5 
- .0336 
-.041s - .0285 
-.Ob13 
-.Ob11 -. 0805 
- 0 3 4 5  
- 0 3 6 6  
-0372 











-0095 . oobo 
.0018 
-.OOSL 









C O N F I G V I A T I ~ N  45 


























. I  
. I  
. I  





- . I  
- . I  
- . I  
B H A  
180.0 
-110.0 
-160.0 - 150.0 
-110.0 















- 1 3 8 1  
. I 3 9 9  
. I 1 2 9  
- . I111  
- .b349 
-1.0022 




. I 3 6 7  
.I402 
. I 4 8 1  
.0988 
-.0996 
-.E135 - .9245 
C A F  





- . 0 8 1 0  
- . I S 9 1  -. 2890 
- .2918 
- . I 5 5 1  
-.12s3 
- . I 2 4 1  
-.1301 
- . I 3 9 3  
- . I S 8 8  - . I 9 3 8  
-.2873 
- . Z l O O  
CHSSlC V T  Q os t V M S  
-.0')44 -. 8157 
-.0372 -. 0405 
-.Ob36 -. 0755  
-.O7bZ -. n1Q9 
- .0110 -. 0000 
-.0046 . 0060 
.024l 











. 4 2 9 3  
.00Q0 
- . 0 3 4 4  
-.Y594 
- . I 0 0 4  
- . 2 0 7 7  
- . 208@ 
- . 4 7 0 1  




















- . O l b O  









- 0 2 1 3  
.08S1 





. 0 4 1 4  


















6 1 . 1  





60.  1 
bO.4 
6 1 . 7  
62.1 
6 2 .  I 
6 2 .  I 
61.9 
6 I . S  
60.4 
60.5 
- 0 5 3 8  
.0536 . M 3 6  








- 0 5 3 s  






- 0 0 3 0 1  
-003  00 
.0029* 
.00282 








- 0 0 2 9 8  
. 3 3 2 9 5  
.00311 
- 0 0 3 2 1  
1 9 2 . 1  
191 .1  
191 .3  
191 .3  
1 9 1 . 1  
191 .0  
191 .5  
191.0 
191.0 
191 .1  







190 .5  
101 .h  
102 .4  
101.2 













9 9 . 3  
101 .6  
311 .6  
3 6 0 . )  






3 0 9 . 0  
365 .0  
360.4 
3 6 7 . 6  
365 .9  
363.8 
365 .7  
365 .3  
368.4 
370.6 









CONF I G U I  11 
C W  CSF 
- .0250 -1529 
- .0134 .328P 














IF anovc V A L V E S  
ION 1 





5 4 . 1  
i 5  

































V T  0 










6 6 . 2  
65.8 
65.4 
6 5 . 4  















.OX76 . O h 0 0  
.IO11 
. I281 
C S F S  

































. o  
.O 
.o 
. I  
. o  
. I  
. I  
.O 
.O  
-.O - .O 
-.O 
- . I  
- . I  
- . I  
























.0404 -. 1189 
- . 3112  
-.3501 
- . 2520  
-.I171 







-0 I1 3 





- . I423  




.0215 -. OW9 
- .0932 











- 0 0 3 0  
-.0010 
-.OObb 









































-.6444 - -9221 
-1.3762 
- I .  2905 
. 0202  
.oooo 
-.09Ll 
- . 2 3 1 8  -. 5968 




5 5  -2 
55.0 






























A V I R A C F  T I P  SPEED W A l l O  = .O54 A VERAGE C .00209 191.7 
RUN 185 C O N F I G U Q 1 T l O N  45  




105 15.1 0.0  180.0 
I06 14.1 . O  -110.0 
0 1  15.3 -0 -160.0 
108 15.4 - 0  -150.0 
09 14.9 .O -140.0 
110 14.7 . O  -130.0 
I 1  15.0 .O -120.0 
I12 15.0 .O -110.0 
I13 15.0 -0 -100.0 
I4 15.0 - .O  -90.0 
I15 15.5 -0 180.0 
116 15.0 - 0  110.0 
111 14.4 0.0 160.3 
I10 lS.2 - . O  150.0 
19 15.3 - . I  130.0 
I20 15.3 - . I  110.0 
I21 15.0 - - I  90.0 
-.49'15 
- .4411 -. 3600 





-.3032 -. I892 
- . 3 6 2 1  
-.5237 
-.1445 -. 7653 
- . 4871  
-.3051 
-.lo29 
-. 0 3Cb 
.OlJO 
- 1 2 6 8  
.I455 
.7215 . 0402 
- . Z O O 6  
-.3443 
- . ) I 3 2  
- 2 7 9 6  
-.0756 
-.0353 




















- . 0262  
-.0950 
-0089 
- 0 1 2 4  
. O l l h  
.0265 . 0 2 8 8  
.0242 
. 0 0 6 6  
-.0051 
-.OIIZ 



































-0260  -. LO98 
-.e100 
- 2. 3310 
-3.5815 








43 .5  
43.3 
43.2 















. 0482  
.*eo 
.0405 
- 0 5 8 0  
.0480 






















































214.0 - .0198 
2 1 5 . 1  - . 0 3 1 4  
2 1 5 . 6  - .0436 
211.4 -.F619 
211.1 - .0923 
274.1 -.090i 
719.5 -.IO86 
2 7 3 . 5  -.I336 
277.r -.144k 
2 1 0 . 2  - .0114 
773.7 -0038 
2 1 0 . 1  .$I62 
275.b . 03Qh 
115.8 .0722 
215.0 . l lC5  






- 3 - 7 6  
.4917 
.5023 - 6 2 2 1  
- 0 2 0 4  
. I )O7L 
-.I190 
-.3172 

















3 0  
AVERAGE 1 I P  SPEED R A T I O  = .OIO AVERAGE '1F ABOVE VALUES 4 3 . 1  .MOL .00100 191.2 36.5 27C.1 
RUN I86  C O N F I C U R A T l r J N  45 
P O I N T  V v I l  A L P H A  BETA C N F  CAF CP*  CWM C V M  C Y  C H I  C T S S I G  C H S S I G  V T  0 O S  CVMS C S F S  
3024 30.4 - . O  -180.0 . I 6 3 1  -.Ob51 .0333 .0018 -.0090 . W k l  6 1 . 7  .0565 .00106 192.3 140.8 431.1 -.0033 .015L 
3025 30.5 - 5 . 0  -180.0 .I423 - .026b .0110 .0005 -.0028 . O W 0  68 .4  .0593 -00425 192 .4  149.6 446.1 -.@009 - 0 1 2 7  
3026 30.0 . I  -180.0 . I 6 4 1  -.Ob28 -0324 .0019 -.0091 -0133 61.5 .0563 .00391 190.6 144.5 470.7 - . 0 0 3 3  .Ol49 
3 0 2 1  30.4 5.1 -1110.0 -.0081 -so430 .0310 .0021 -.012I -0551 67.6 -0530 .00313 191.6 148.5 411.0 -.0044 .PZnC 
3020 30.5 10.1 -180.0 -.I110 - . 0 3 7 4  .0366 .0021 -.0140 .a522 67.8 .0492 .00351 191.1 149.2 391.5 -.0356 . > I O 8  
AVERAGF- 1 I P  S P E E D  1 4 1 1 0  - .On1 AVERAGE 1F ABOVE VALUES 67.8 .OS49 -00391 191.1 140.1. 471.5 
R W  I07  cnwicus~i inr i  $5 
P O I N T  V I I T  ALPHA BETA C N F  CAF CPW CRM C V M  C P  C H I  C T S S l G  C H S S l G  VT 0 O S  CVMS C S F S  
3629 30.0 0.0 163.0 .I149 - . 0 1 6 8  .0303 -.0015 - 0 7 6 1  -.2738 67.5 -0561 .00406 190.8 144.1 420.1 - 0 2 6 -  -.0439 
3830  30.0 -5.0 160.0 - 1 1 2 9  -.0284 .0140 .0004 . O 1 5 1  -.2605 60.1 .0586 .00432 191-3 144.5 434.0 . 9257  - . J l h l  
3831 30.0 - 1  160.0 -1147 -.0131 . 0 3 0 3  -.0010 -0708 -.2154 61.4 .OSLO .003* 191.3 144.5 421.1 .0270 -.0945 
3832 30.0 5-0 160.0 -0511 - . 0131  .0340 -.0041 -0032  -.2916 6 1 - 1  .3527 .0037Z 191.6 144.5 405.8 .0296 -.10h9 
3033 30.5 IF.0 160.0 - .0131 -.0592 .0361 - .0056 -0925 -.2650 67.1 .0495 -00357 192.7 149.6 395.9 .0350 -.IO02 




RUN 188 C O N F I G U R b T I O N  45 
C O I N 1  V v K l  ALPHA 8 E l b  C N F  C b F  C P N  CRM CVM CSF C H I  C l S S I G  CHSSI ' I  VT 0 1$ t V M 5  C Y <  
3034 30.2 - 0  -160.0 - 2 0 4 1  - .0472 - 0 1 7 7  -0053 --094l .3431 67.5  .0565 .@0391 1 9 1 . 3  14h.1 4 2 5 . 5  -.@323 . I l l 0  
3835 30.5 -4-9 -160.0 .I641 -.Ol49 -0077 . O O l O  -.On35 .2752 68.3 .0503 .00416 192.5 1W.2 4 4 5 . 0  -.C?R: .>971  
3836 30.0 . I  -160.0 .I961 -.OS65 - 0 1 7 9  -0055 -.O946 -3399 61.5 .O563 .00381 190.9 144.9 4 7 1 . 7  - . O x 2 5  .lIba 
3837 30.2 5.1 -160.0 .I256 -.039B -0223 .OObB -.LOSS .4086 6 7 . 2  .0531 -00356 191.7 146.1 4 3 S . b  -.0376 .1%5? 
3838 30.0 10.1 -160.0 .0452 - . O W 0  -0266 .OD69 - . I168 . 4 8 7 0  61.2 .0494 .00329 190.8 144.1 1R7.2 -."435 .ID17 
AVERAGE T I P  SVEED R A T I O  = .081 LVERbGE OF b80W VALUFS 61.5 - 0 5 4 9  - 0 0 3 7 5  191.4 146.1 4 1 8 . 0  
RUN 
C PM 
I 8 9  
cn* 




- .0249 - . I604  
- . O I 1 6  -.7991 
-0095 -.+PO5 
.0131 - . ( I 481  
.I054 -.9898 







- . 0202  - 5 2 6 2  
-.On57 -8827 -. 1040 1 . 0 0 3 5  
. ABOVF V A L U F S  


















90 .3  
90 .0  
7 















. O J O O  
.oooo 
.oooo 
C O I N l  V s K l  L L P H A  
3874 45.8 . o  
3815 45.9 -.O 
3876  45.9 -.O 
3 8 1 7  45.9 - S O  
3178 46.1 -.O 
3879 45 .1  .o 
3880 46.0 . I  
3881 45.9 . I  
3882 46.0 - 1  
3883 46.1 - 1  
3884 45.6 -.o 
3885 45.1 . O  
3186 46.0 - 0  
3887 45.0 . o  
3888 46.0 . I  
3890 45.1 . I  
3891 45.7 - 2  
I V E R A G E  1 l P  SVFF 
B E T A  
0.0 
























7 3 2 . 9  
3 7 6 . 2  
130.9 
329 .9  




r i i  . a  
o s  
3 7 7 . 0  
329.8 
3 7 9 . 8  
3 3 3 . 2  















- 0 3 1 3  
.0195 -. 0 I29 




















. 0 3 I 5  
-0345 





- . 0 2 9 0  






0.  0 
0 . )  











-.@I07 -. n 7 b q  
-.0176 . ( 9 9 5  
. e911  
.1"4 
.112h . I106 
. 1 2 t 3  
.CSIS 
.r)747 
. 3 1 - 5  
- . c 2 3 2  
- . I % ' )  














7 1 1 . 3  
3 3 1 . 7  
1 7 ? . 1  
- I  .a?*' 
-.Ob79 
- .no15 
: r 7 ~  
. l ? I I  
.1175 
. 5 7 0 2  
I .3,73' 
- 1 . 5 4 3 7  




- . 0 1 7 I  
- . 0233  
- .0242 
-.0130 
- 0 0 2 7  
- . o n 4  - .0204 
1 
1 .2119 - - 0  -.0087 
-10.0 .0085 
-20 .0  .0260 
-30.0 .0396 







3 3 3 . 6  
3 2 7 . 5  
3 2 0 . 2  
3 7 7 . 4  
. ~ .  
-77 .6  
331.6 
3 2 1 . 4  








:o  R A T I O  IVERbGE 91 .l 3 7 9 . 7  3 7 9 . 2  
R u l  190 C O N F I G U R A T I O N  1 7  
P O I N T  V.Kl b L P H A  B F l b  C N F  C I F  CPM CRM CVM CSF C H I  ClSSIG C H S S I G  V' 0 CS f Y ' Z  C S F Z  













-0 . O O O l  
.o -.0141 
- 0  -.03(17 
-0  -.0516 
. 0 2 7 9  -.0119 -.0003 
-0213 -0035 - .0003 
.0228 -.0050 -.0003 
-0248 -.OI?Z - .0003 
.0268 -.0191 - .0002 








. D O 0 6  
- - O D 4 5  
-.0335 -. 0039 
.0020 
9 0 . 0  
90.0 
90.0 























3 2 9 . 0  
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(b) Model 2 
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(c) Model 3 
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Figure 4.- Photograph of model installation in V/STOL wind tunnel. 
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Figure 7.- Comparison of directional characteristics of model 1 without rotor with four 
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Figure 8.- Effect of windspeed on directional characteristics of model 1 
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Figure 10.- Effect of windspeed on directional characteristics of model 1 




Figure 11.- Effect of windspeed on directional characteristics of model 1 
without rotor and with V vertical tail (configuration 14). 
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(a) Windspeed, 15 knots. 
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(b) Windspeed, 20 knots. 
Figure 12. - Continued. 
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(c) Windspeed, 25 knots. 
Figure 12. - Continued. 
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(d) Windspeed, 30 knots. 
Figure 12. - Continued. 
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(e) Windspeed, 35 knots. 
Figure 12.- Continued. 
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(f) Windspeed, 45 knots. 
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(g) Windspeed, 15 to 45 knots. 
Figure 12. - Concluded. 
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(a) Windspeed, 15 knots. 
Figure 13.- Effect of rotor wake on directional characteristics of model 1 with 











- I  
- 2  
- 3  
- 4  















(b) Windspeed, 20 knots, 
Figure 13.- Continued. 
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(c) Windspeed, 25 knots. 
Figure 13. - Continued. . 
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(d) Windspeed, 30 knots. 





(e) Windspeed, 35 knots. 
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(f) Windspeed, 45 knots. 
Figure 13. - Continued. 
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(g) Windspeed, 15 to 45 knots. 
Figure 13. - Concluded. 
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(a) Windspeed, 15 knots. 
Figure 14.- Effect of rotor wake on directional characteristics of model 1 with 
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(b) Windspeed, 20 knots. 
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(c) Windspeed, 25 knots. 
Figure 14. - Continued. 
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(d) Windspeed, 30 knots. 
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(e) Windspeed, 45 knots. 
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*(f) Windspeed, 15 to 45 knots. 
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(a) Windspeed, 15 knots. 
Figure 15.- Effect of rotor wake on directional characteristics of model 1 with 
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(b) Windspeed, 20 knots. 
Figure 15. - Continued. 
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(c) Windspeed, 25 knots. 
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(d) Windspeed, 30 knots. 
Figure 15. - Continued. 
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(f) Windspeed, 45 knots. 
Figure 15.- Continued. 
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(g) Windspeed, 15 to 45 knots. 
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Figure 16.- Effect of roior wake on directional characteristics of model 1 with 








B , d q  
Figure 17.- Comparison of directional characteristics of models 1 and 2 without 
vertical tails and without rotor (configurations 11 and 15). 
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Figure 18.- Comparison of directional characteristics of models 1 and 2 with 





Figure 19.- Effect of windspeed on directional characteristics of model 2 
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Figure 20.- Effect of windspeed on directional characteristics of model 2 without 
rotor and with vertical tail. 
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Figure 21.- Comparison of directional characteristics of model 2 without rotor and 





-180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120 140 160 180 
B , d q  
(a) Windspeed, 15 knots. 
Figure 22.- Effect of rotor wake on directional characteristics of model 2 without tail. 
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(b) Windspeed, 20 knots. 
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(c) Windspeed, 25 knots. 






(d) Windspeed, 30 knots. 
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(f) Windspeed, 45 knots. 
Figure 22.- Continued. 
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(g) Windspeed, 15 to 45 knots. 
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(a) Windspeed, 15 knots. 
Figure 23.- Effect of rotor wake on directional characteristics of model 2 with tail. . 
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(b) Windspeed, 20 knots. 
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(c) Windspeed, 25 knots. 
Figure 23. - Continued. 
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(d) Windspeed, 30 knots. 
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(e) Windspeed, 35 knots. 
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(f) Windspeed, 45 knots. 
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(g) Windspeed, 15 to  45 knots. 






Figure 24.- Comparison of directional characteristics of models 1 and 2 with 
rotor and without tails. VK = 30. 
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Figure 25.- Comparison of directional characteristics of models 1 and 2 with 
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Figure 26.- Comparison of directional characteristics of models 1, 2, and 3. 
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Figure 27.- Effect of rotor wake on directional characteristics (slipstream) on 
model 1 without tail for windspeeds of 15 to 45 knots. 
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Figure 28.- Effect of rotor wake on directional characteristics (slipstream) on mode 





Figure 29.- Effect of rotor wake on directional characteristics (slipstream) on 
model 1 with cambered vertical tail for windspeeds of 15 to 45 knots (con- 
figuration 33). 
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Figure 30.- Effect of rotor wake on directional characteristics (slipstream) on 
model 1 with V vertical tail for windspeeds of 15 to 45 knots (configura- 
tion 34). 
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Figure 31.- Effect of rotor wake on directional characteristics (slipstream) on 
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Figure 32.- Effect of rotor wake on directional characteristics (slipstream) on 
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Figure 33. - Comparjson of directional characteristics (slipstream) of 
models 1 and 2 without tail. VK = 30. 
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Figure 34. - Comparison of directional characteristics (slipstream) of 
models 1 and 2 with standard vertical tail. VK = 30. 
OXGINAL PAGE IS b 






Figure 35.- Effect of angle of attack on directional characteristics on 
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Figure 36.- Effect of angle of attack on directional characteristics on model 1 
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Figure 37.- Effect of angle of attack on directional characteristics on model 1 
without rotor and with cambered vertical tail (configuration 13). 
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Figure 38.- Effect of angle of attack on directional characteristics on model 1 
without rotor and with V vertical tail (configuration 14). 
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Figure 39.- Effect of angle of attack on directional characteristics on model 1 with 
rotor and without tail. VK = 30. 
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Figure 40.- Effect of angle of attack on directional characteristics on model 1 with 
rotor and with standard vertical tail (configuration 32). VK = 30. 
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Figure 41.- Effect of angle of attack on directional characteristics on model 1 with 
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Figure 44.- Effect of angle of attack 
model 2 without 
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Figure 45.- Effect of angle of attack on directional characteristics on 
model 2 without rotor but with tail. 
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Figure 46.- Effect of angle of attack on directional characteristics on 




Figure 47.- Effect of angle of attack on directional characteristics on 








Figure 48.- Effect of angle of attack on directional characteristics on model 3. - 
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(a) Model 1 without tail. 
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(b) Model 1 with configuration 12 tail. 
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(c) Model 2 without tail. 
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(d) Model 2 with tail. 
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(a) Yawing-moment coefficient. 
Figure 50.- Comparison of fuselage yawing-moment envelope (model 2 with tail) 
with main rotor antitorque required of tail rotor. 
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Figure 50. - Concluded. . 
1' 
P 
B : O  B =  10 B = 30 










-9 3 t 
8 = 0  
HF 
6=-!0 




8 = -20 
31 
8 1-30 8 =-'io 
IF 
A . .> . .'r . .'6 . .'a . llo A . .'2 ' .'q . .'6 ' .'a ' Ilo A . .> ' .'q ' .'6 ' .'a . IlO A . .'2 . .Y . .'6 4 IlO b .2 .Y .I 4 l!O 
t! 1 : +! X X L - 
Figure 51.- Effect of sideslip angles on pressure distribution on model 1 
without rotor or tail. Forward flight. 
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Figure 52.- Effect of sideslip angles on pressure distribution on model 1 
without rotor or tail. Rearward flight. 
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Figure 53.- Effect of sideslip angles on pressure distribution on model 1 







Figure 54.- Effect of sideslip angles on pressure distribution on model 1 
with rotor and configuration 12 tail. Forward flight. 
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Figure 54. - Continued. 
. 
164 
= n  = M  - 
0 Righl-hand sh 
o Lefl-hand sMe 
2 -  
I 









I - I  
C P  0 C P  0 
-2 -2 -2 









- -4 Y 







-9 ' t -'t 9 -Y 3 t 







0 Rlphehrnd I#( 
0 M-hrnd I#( 
B = O  8 -  10 u=du B = 30 6 ~ 9 0  
9 9 
3 3 3 
2 2 2 
I 1 1 




CP 0 C P  0 Cro 
-2 -2 -2 
-3  -3 -3 
F 
8250 6-60 6 - 7 0  B = 8 0  B = 9 0  
-3t 1 
B Z O  
-9 3 t -9 3 t -9 3 t -9 3 t 
81-10 8 = -20 8 -30 B = -90 
Y 9 Y 
3 3 3 
2 2 2 
I 1 I 
I I 1 
-2 -2 -2 
-3 -3 -3 
-9 -9 
CP 0 CP 0 C P  0 
8 I -50 
:F 
8 = -60 
:I 
-9 -4 9 -4 9 -;E 9 
(e) VK= 35. 










C P  0 
-I -1 - I  
-2 -2 -2 
-3 -3 -3 
-4 -9 





C P  0 





E I -50 
3 
E = -60 
3 




' I H Y P l ' f d  
8 ~ 1 3 0  
Y r  















0 .2 .Y .6 .o 1.0 0' .2 .4 .6 .a 1.0 0 .2 .Y .6 .I 1.0 0 .2 .Y .6 .a 1.0 0 8 . 1 . I . I  .Z .Y .6 . I . >  .8 1.0 
e t E + t! 
(a) V K =  15. 
Figure 55.- Effect of sideslip angles on pressure distribution on model 1 
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Figure 56.- Effect of sideslip angles on pressure distribution on model 1 with rotor 
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Figure 56.- Continued. 
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Figure 57.- Effect of sideslip angles on pressure distribution on model 2 
without rotor and without tail. Forward flight. 
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Figure 58.- Effect of sideslip angles on pressure distribution on model 2 
without rotor and without tail. Rearward flight. 
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Figure 59.- Effect of sideslip angles on pressure distribution on model 2 
without rotor and with tail. Rearward flight. 
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Figure 60.- Effect of sideslip angles on pressure distribution on model 2 
with rotor and with tail. Forward flight. . 
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Figure 60. - Continued. 
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Figure 61.- Effect of sideslip angles on pressure distribution on model 2 
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Figure 61.- Continued. 
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Figure 63.- Effect of angles of attack on pressure distribution on model 1 without 
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Figure 64.- Effect of angles of attack and sideslip on pressure distribution on model 1 
without rotor and without tail. Rearward flight. 
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Figure 65.- Effect of angles of attack and sideslip on pressure distribution on model 1 
with rotor and without tail. Forward flight at VK = 30. 
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Figure 66.- Effect of angles of attack and sideslip on pressure distribution on model 1 
with rotor and without tail. Rearward flight at VK = 30. 
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Figure 67.- Effect of angles of attack and sideslip on pressure distribution on model 2 
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Figure 68.- Effect of angles of attack on pressure distribution on model 2 
without rotor and with tail. Rearward flight. 
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Figure 69.- Effect of angles of attack and sideslip on pressure distribution on model 2 
with rotor and with tail. Forward flight at VK = 30. 
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Figure 75.- Comparison of longitudinal characteristics of model 2 with those of 
full-scale configuration (ftMuHff) in reference 8. 
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